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Section  1 

INTRODUCTION/SU  MMARY 


BACKGROUND 

This  Program  has  been  sponsored  by  the  Naval  Air  Systems  Command,  Code 
340B.  This  Report  has  been  prepared  under  the  Naval  Air  Development  Center's 
Contract  Nfl25!(19-7fi-C-0082,  under  the  engineering  monttorshlp  of  their  Crew  Sys- 
tems Department,  to  fulfill  their  arguments  and  objectives  that: 

"Crewman's  restraint  does  not  adequately  protect  the  occupant  during  emer- 
gency escape  through  the  600  knot  speed  range  In  open  ejection  seats.  With 
more  ejections  occurring  at  the  higher  air  speeds  (between  400  - 600  knots), 
the  current  equipment  and  techniques  do  not  provide  optimum  restraint  Euid 
protection  of  crewmembers  and  their  equipment  and  also  degrades  system 
performance.  The  objective  of  this  progi'am  is  to  establish  design  require- 
ments, Investigate  various  methods  and  techniques  and  develop  a system 
either  as  an  Integral  system  or  a combination  of  systems  and  techniques  to 
provide  Increased  safety  against  aerodynamic  and  deceleration  forces  through 
the  600  knot  speed  range. " 

DIGi:ST  OF  THE  REPORT 

This  Report  covers  the  following  areas  of  work  conducted  to  define,  Investigate, 
analyze,  and  select  devices  to  provide  crewman  protection  against  the  forces  of  up 
through  a 600  knot  open  escape  seat  ejection; 

• Definition  of  the  Base  Line  Conditions  and  Configurations  to  be  used  for 
aero  analysis 

• An  update  of  the  data  regarding  Human  Tolerance  to  Acceleration  Forces 

• Establishment  of  the  Design  Constraints  for  the  development  of  a Crewmaii 
Retention  System 

• Investigation  of  Protection  Methods 

• Investigation  of  Protection  Teclmlques 

• Review  of  a Martin-Barker  MK-GRU7  Type  Ejection  Seat  System's 
Equipment  and  Parachute  Damage 
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• Hevlew  of  a MK-GRU7  l^pe  System's  Parachute  Characteristics 

• The  Selection  and  Substantiation  of  a Crewman  Retention  System 

• A Discussion  of  the  Systems  Selected  for  Improvement  of  Crewman  Protec- 
tion 

• A Discussion  of  Conclusions  and  Recommendations. 

PRINCIPAL  CONCLUSIONS 

The  following  principle  conclusions  are  made; 

• It  can  be  firmly  stated  that  a real-world  problem  exists  In  that  crewmen  are 
being  injured,  and  survival  equipment  is  being  damaged  during  high  speed 
ejections 

• Violent  flailing  of  the  crewman's  extremities  can  result  in  escape  system 
failure 

• The  Grumman  computer  programs  furnished  valid  data 

• The  design  constraints  developed  can  be  handled  by  the  crewman  restraint 
system  concept  presented 

• Wlndblast  forces  are  the  greatest  forces  encountered  which  contribute  to  di- 
rect pressure  injury,  equipment  damage,  and  flail  Injury 

• Additive  rotational  acceleration  forces  can  be  Injurious,  whereas  linear  de- 
celeration forces  can  be  tolerated  In  a properly  stablllKcd  system 

e There  Is  no  evidence  to  Indicate  that  there  will  be  thermal  injury  due  to  a 
1220  P.S.  F.  ejection 

e Ejection  velocities  of  435  knots  and  above,  substantiated  by  sled  tests,  result 
In  more  potential  damage,  and  depending  on  the  ejection  system  will  deter- 
mine the  severity  of  post  ejection  survival 

• A properly  ejected,  stabilized,  decelerated,  and  parachute  recovered  crew- 
man ejection  system  will  not  exceed  the  Human  Tolerance  limits  presented 

• The  following  devices  were  selected  to  provide  additional  cre\yman  protection; 
"Inflatable  Support",  "Foetal  Positioning",  "45  Degree  Ejection  Angle", 
"Thrust  Vector  Control",  "Afterbody",  "I-’ull  Face  Helmet",  "Windscreen", 
"Modulated  Drogue",  "Reefing",  "Aero- Conical",  and  the  concept  of 
"D.A.R.T,"  and  "Ballistic  Spreader" 

• The  best  approach  for  a Crewman  Retention  System  is  considered  to  bo  the 
one  that  positively  positions  and  restrains  the  crewman's  entire  body. 

PRINCIPAL  RECOMMENDATIONS 

The  following  principle  recommendations  are  made: 

• l:)evolop  the  "Integrated  Mission/Survival  Garment  System"  concept  to  act  as 
a foundation  for  the  Integration  of  all  the  crewman's  necessary  survival 
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equipment,  clothing,  restraint  system,  and  life  support  systems.  This  con- 
cept will  eliminate  wlndblast  damage  to  the  crewman  and  his  survival  equip- 
ment, and  unburdern  him  for  improved  mission  accomplishment 

• Develop  the  "Head,  Arm,  and  Leg  Retention  System"  as  being  the  most  posi- 
tive 

• Develop  the  "Full  Face  Helmet",  "Inflatable  Support",  and  the  "Modulated 
Drogue"  concepts  to  protect  against  wlndblast,  reduce  drag  forces,  and  re- 
duce parachute  opening  shocks 

• Develop  and  test  the  feasibility  of  the  aerodynamic  "Afterbody"  concept  for 
stablllzatlon/deceleratlon  of  high  q escape  systems 

• Consider  "45  Degree  Ejection  Angle",  "Foetal  Positioning",  "Windscreen", 
"Reefing",  and  a new  conceptual  approach  for  "D.A.R,  T. " and  "Ballistic 
Parachute  Spreader",  as  devices  for  crewman  protection 

• Continue  the  development  of  "Thrust  Vector  Control",  pursue  the  Investiga- 
tion of  the  "Aero-Conlcal"  or  other  parachutes,  and  review  escape  systems 
for  Incorporation  of  additional  structural  support  of  the  crewman 

• Consider  Investigation  of  the  Alternative  Approaches  to  Crewman  Retention. 


,{ 
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Section  2 


DISCUSSION 


2. 1 BASK  LINK  CONDITIONS  AND  CONFIGURATIONS 

'Ilie  following  base  lino  conditions  and  configurations  were  used  for  the  Investi- 
gation and  development  of  a crewman's  retention  system  for  protection  against  high 
speed  escape  through  the  600  knot  speed  range  in  open  escape  seats: 

• Martin-Baker  MK-GRU7  type  ejection  seat 

- 480  pounds  heaviest  ejected  weight  nominal 

- 9. 74  g and  149  g/sec.  onset  heavy  configuration  and  12  g and  158  g''sec. 
onset  light  configuration  catapult  performance  nominal 

- . 250  sec.  time,  1200  Ib/sec.  rocket  performance  nominal 

(The  above  information  reflects  A-6A  and  F-14A  data  from  the  (5  tests  used 
to  evaluate  equipment  deficiencies) 

• Light  (3,5)  and  Heavy  (95,98)  percentile  crewmen 

The  heavy  (96,98)  percentile  crewmen  were  chosen  for  analysis  purposes  be- 
cause the  resulting  wlndblast/deceleratlon  forces  with  this  mtm  model  repre- 
sent "worst  case"  conditions  for  the  design  of  a restraint  system,  and  the 
larger  surface  areas  will  generate  larger  aerodynamic  forces  and  moments 
causing  a greater  effect  on  seat  motion  during  flailing,  The  seat  bucket  po- 
sition used  was  for  the  heavy  percentile  crewmen  (full  down),  therefore,  the 
largest  frontal  area  was  used  in  the  analysis 

• Ejection  Angle 

- 17  degrees  for  all  configurations 

- 45  degrees  for  one  configuration  of  crewman  ejecting  by  alternate  firing 
handle  between  legs 

• 600  KEAS  at  sea  level  and  4.5K  feet  altitude 

• 435  KTS,  S.L.  for  correlation  of  computer  program 

• Evaluation  of  dynamic  situation  through  3 seconds  following  aircraft  separation 

• Oewman  seated  In  ejection  position  with  hands  at  3 different  positions 

- Face  curtain  fired 

- Alternate  handle  (between  the  legs ) fired 

- Arms  on  thighs  (command  sequence  fired) 
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• Dynamic  Situation  During  Ejection 

- Windblast  effect  from  initial  guided  travel  to  prior  to  Influence  of  drag  de- 
vice 

- Deceleration  effect,  under  influence  of  drag  device 
e Crewman,  Aero  Model  Configuration 

- Design  data  (geometry,  weight  distribution,  C.G.,  surface  areas,  C.  P. 
of  surfaces)  from  bioastronautics  data  book  and  photographs  of  anthropo- 
morphic dummy  in  representative  attire  at  specific  configurations 

- Models  include  C.  P.  relationship  of  all  surfaces,  angle  of  all  surfaces  and 
weight  distribution  C.G.  to  an  origin  which  will  be  the  S.R.  P.  of  the  seat 

- Each  weight  model  utilt/.es  the  following  configurations  where  appropriate 

(1)  Hands  on  face  curtain 

(2)  Hands  on  alternate  firing  handle. 

(3)  Hands  on  top  of  thighs. 

NOTE!  Configurations  (1),  (2),  and  (3)  represent  those  whore  windblast 
and  deceleration  forces  were  calculated. 

(4)  Configuration  (1),  Heavy  percentile,  with  right  arm  extended  horizon- 
tally (90  degrees  up)  and  to  the  side 

(5)  Configuration  (1),  Heavy  percentile  with  right  and  left  arms  extended 
90  degrees  up  and  to  the  side 

(6)  Configuration  (1),  Heavy  percentile,  with  right  leg  rotated  90  degrees 
outboard 

NOTE:  Configurations  (4)  and  (6)  reprerent  the  critical  unsymmetrlcal 

arm  and  leg  flailing  positions  to  cause  maximum  seat  instability. 
Configuration  (5)  represents  a maxlmiun  realistic  raised  center 
of  pressure  and  C.G.  for  evaluation  of  seat  motion  and  decelera- 
tion. 

(7)  Configuration  (1),  Heavy  percentile  with  both  arms  extended  horizon- 
tally (90  degrees  up)  and  to  the  side,  both  legs  rotated  90  degrees  out- 
board 

(8)  Configuration  (7),  Light  percentile 

NOTE:  Configuration  (7)  and  (8)  represent  the  maximum  frontal  areas  of 

the  heaviest  and  lightest  percentile  for  evaluation  of  seat  motion 
and  deceleration. 

• Martln-Hakor  Seal 

- Design  data  (geometry,  C.G.)  K-14  MK-GHU7A  seat  Information. 
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2.2  DKSIGN  CONSTRAINTS 

This  section  deals  with  the  establlslanent  of  the  design  constraints  for  the  devel- 
opment of  a crewman's  retention  system  for  protection  against  high  speed  escape 
through  the  600  knot  speed  range  In  open  escape  seats.  The  section  Is  broken  down 
Into  four  parts  that  covers 

• Thermal. 

• Human  Tolerance 

• Wlndblast/EJectlon  Forces/Deceleratlon  Forces 

• Flailing  on  Seat  Performance 

Thermal 

There  Is  no  Indication  based  on  ejection  history,  tests,  or  theoretical  analysis 
that  crewmen  will  be  subjected  to  thermal  Injury  during  a 1220  P.S.  F.  open  seat 
ejection  between  sea  level  and  4SK  feet. 

Figures  13  and  14  plot  "Adiabatic  Wall  Temperature/Mach  No/Altltude",  and 
"Mach  No. /Altltude/Temperature/q(P.S.  !<'.)"  respectively  to  show  what  temperatures 
can  be  expected  If  there  Is  a long  term  exposure.  Report  No.  AMRL-TR-7(5-2, 

"The  Heat  Pulse  Associated  with  Escape  From  An  Aircraft  at  Supersonic  Speed", 
Reference  5,  defines  the  air -temperature  environment  and  calcxilates  the  heat  pulse 
associated  with  the  deceleration  of  a supersonic  ejection.  The  report  compares  this 
information  with  data  on  the  human  body's  tolerance  to  short-period  heat  pulses  to 
show  that  thermal  Injury  Is  not  a problem  when  wearing  a full  pressure  suit  and  that 
exposed  skin  may  experience  pain  above  Mach  4 and  blistering  above  Mach  5. 

Human  Tolerance 

Life  Sciences  participated  In  this  study  and  took  Into  account  omnidirectional 
open-seat  ejection  stresses  on  the  crewman.  The  Intent  was  to  Initiate  an  Investiga- 
tion to  determine  what  could  be  done  In  the  areas  of  crew  restraint  and  support  to 
permit  higher,  omnl-dlrectlotial  ejection  stresses  on  the  crewman.  A new  look  was 
taken  at  the  aircrew  protection  fundamentals. 

'rho  known  and  anticipated  loads  which  were  Imposed  were  established,  human 
capabilities  were  Investigated,  and  any  materials  or  concepts  that  might  be  applicable 
were  recommended  or  utlll/.ed  to  develop  a system  that  satisfies  the  requirements. 
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No  constraints,  such  as  retrofit  or  designing  for  a specific  current  or  projected 
vehicle,  were  imposed.  It  was  emphasized  that  the  physiological  and  Internal 
anatomical  charaoterlstlos  of  man  would  be  the  prlmalry  considerations,  as  opposed 
to  his  obvious  external  configurations. 

An  update  of  the  literature  was  conducted  In  order  to  assemble  Into  one  report 
Information  and  findings  on  man's  tolerance  to  *g'  forces.  The  necessity  of  U\ls  study 
resulted  from  the  wide  differences  In  the  data  previously  reported  and  the  attempt 
to  standardize  the  values. 

The  Immediate  purpose  of  the  study  was  to  update  the  acceleration  and  decelera- 
tion data  currently  used  by  our  Life  Sciences  personnel  and  concerned  design  en- 
gineers. 

The  first  Input  was  from  our  own  extensive  Life  Science  and  GAC  libraries. 

In  addition,  a request  was  made  to  the  New  England  Research  Application  Center 
(NERAC)  to  conduct  a literature  search  covering  the  time  from  1971  to  the  present. 

We  had  sufficient  data  In  our  files  which  covered  the  time  prior  to  1971.  An  update 
of  the  literature  gave  us  plotted  curves  which  represented  all  the  reported  data 
points  relating  to  acceleration  and  deceleration  forces  and  based  on  no-lnJury  cri- 
teria. In  addition  to  the  no-lnjury  criteria  which  provided  the  basis  for  evaluation  of 
actual  reported  forces,  the  curves  were  plots  of  those  data  points  where  the  occupant 
was  restrained  with  a simple  restraint  system  consisting  of  a lap  belt  and  shoulder 
harness.  No  antl-g  suit,  or  any  other  restraint  device  data  points  were  plotted. 

Once  the  plots  had  been  placed  on  the  graph  paper  a computer  program  was 
prepared  which  then  provided  a "best-fit"  curve.  ITils  curve  was  then  designated 
as  the  "no-lnjury"  curve.  Because  a number  of  reported  points  fell  above  the  line 
and  yet  were  reported  as  non-lnjurlous,  a second  curve  was  established  manually 
which  represented  what  was  designated  as  the  outer  limit  of  a "gray"  area  or  the 
threshold  of  Injury.  What  these  curves  represent  is  a non-injury  zone.  Any  g-forces 
above  this  zone  will  result  In  Injury  or  possibly  be  fatal.  This  zone  Is  based  on  .ac- 
tual data  points,  but  In  addition  a certain  amount  of  extrapolation  was  Included  to 
provide  a parallel  line  to  the  first.  This  Is  based  on  the  fact  that  acceleration  and 
deceleration  tolerances  follow  a straight  line  curve  when  magnitude  Is  plotted  against 
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time,  lliese  curves  are  presented  in  Appendix  A and  Figures  64,  55,  6(j,  and  07 
of  this  report. 

Life  Sciences  also  aided  in  establishing  the  surface  areas  (Tables  1,  2,  3)  of 
the  body  so  as  to  provide  body  pianes  (Figure  19)  for  the  aerodynamicists  to  cal- 
culate the  force  vectors  on  the  body  from  wind  blast.  The  purpose  was  to  determine 
what  q values  are  present  and  on  what  surface  area  of  the  body  during  high  speed 
ejections. 

Once  this  Information  was  available  it  would  then  be  within  our  realm  to  de- 
termine If  the  arms  and  legs  would  have  to  be  restrained  and  to  what  extent  the 
other  sirnfaces  of  the  body  would  have  to  be  protected  from  this  stress. 

Anthropometric  data  concerning  the  5-95  percentile  flying  personnel  were 
provided  for  this  purpose.  In  addition,  3 and  98  percentile  data  were  also  made 
available.  The  data  that  was  used  was  taken  from  a report  entitled  "Anthropometry 
of  Naval  Aviators",  NAEC-ACEL-5.33,  dated  1964.  In  addition  to  this  documented 
data  another  reference  document  was  used.  This  was  entitled  "Anthi'opometry  in 
Aircraft  Engineering  Design".  This  report  provided  the  formulae  for  determining 
body  surface  areas,  hinge  points,  centers  of  gravity,  and  moments  of  Inertia  through 
various  portions  and/or  segments  of  the  body. 

In  addition  to  the  data  provided  to  the  specific  groups  responsible  for  this  stvidy, 
contact  was  made  with  the  Navy  Safety  Center  (Mrs.  E.  Rice)  to  compare  notes  and 
to  discuss  the  statistical  analysis  of  the  data  obtained  by  the  Safety  Center  during 
high  speed  ejections.  These  discussions  confirmed  the  original  Grumman  premise 
that  the  Individual  must  be  protected  during  this  ejection  stress.  Although  the  design 
of  the  escape  system  is  considered  satisfactory  and  functions  as  required,  nature 
produces  an  individual  which,  unless  adequately  protected,  will  not  be  able  to  survive 
the  mechanical  system.  Discussions  with  the  Navy  Safety  Center  revealed  that  fatal- 
ities reported  through  the  600-knot  range  do  not  provide  sufficient  Information  as  to  the 
cause  of  death  due  to  the  tact  that  in  most  instances  the  ejections  were  over  water, 
and  the  bodies  were  not  recovered.  It  must  also  be  emphasized  that  the  system  must 
provide  automatic  components.  Including  parachute  release  and  flotation  capabilities, 
once  the  individual  impacts  the  water.  Insistence  must  also  be  put  on  arm,  leg,  and 
head  restraint. 
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Summary  reports  of  the  data  discussed  with  the  Navy  Safety  Center  are  avail- 
able and  referenced  In  this  report  (Reference  8 and  9). 

Once  the  foregoing  had  been  accomplished,  Life  Sciences  participated  In  the 
trade-off  studies  necessary  for  the  selection  of  a satisfactory  restraint  system.  In 
addition  to  these  studies,  a number  of  materials  and  basic  concepts  for  possible  solu- 
tions to  the  restraint  system  were  evaluated  and  recommendations  made. 

The  final  step  in  this  effort  was  to  conduct  a data  evaluation  and  prepare  re- 
ports. 

The  first  such  report  (Appendix  A)  was  entitled  "Physiological  Tolerance  To 
Acceleration  and  Deceleration  Forces  (An  Update  of  the  Literature). " 

The  second  report  (Appendix  B)  was  entitled  "Physiological  Aspects  of  Wind 
Drag  Acceleration". 

The  third  report  (Appendix  C)  la  entitled  "Review  of  the  Literature,  Re:  - 
Wind  Blast  Effects  and  Thermal  Effects  During  High  Speed  Open  Seat  Ejection". 

On  the  basis  of  the  foregoing,  It  becomes  necessary  to  state  that  a great  deal  of 
Information  Is  available  and  must  be  Integrated  Into  a design.  Emphasis  must  be 
placed  In  the  areas  of  torso  garments,  seat  pan,  comfort  and  Intimate  fit,  head  re- 
straint (forward  and  lateral),  arm  support  and  arm  rests,  hand  holds  and  arm  straps, 
legs  and  leg  positioning,  leg  back  rest  and  leg  cover. 

Life  Sciences  has  provided  the  necessary,  pertinent  Information  to  the  design 
engineers  together  with  the  rationale. 

Wlndblast/Deceleratlon  Forces 

A.  Alrcrewman  Model 

Three  alrcrewman  configurations  were  analyzed  for  wtndblast  and  acceleration/ 
deceleration  effects  during  a 000  knot  seat  ejections 

(1)  Hands  on  face  curtain 

(2)  Hands  on  alternate  firing  himdle 

(.'))  Hands  on  thighs. 
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An  example  of  one  configuration,  hands  on  alternate  firing  handle,  is  presented, 
along  with  its  direction  designation,  in  Figure  19.  Tables  1,  2 and  3 present  the 
distances  to  the  center  of  pressures  from  the  seat  reference  point  (S.  H.  P. ) and  the 
angles  of  each  surface  about  the  x-axls  for  the  three  configurations.  Table  4 pre- 
sents the  distances  to  the  centers  of  gravity  (C.G.)  of  each  body  component  from  the 
S.R.  P,  for  the  three  configurations.  Also  presented  are  the  weights  of  each  body 
component  and  the  nominal  location  of  the  total  seat/man  C.G.  for  all  three  configura- 
tions. Table  5 presents  the  point  locations  used  in  the  calculation  of  the  restraining 
forces, 

All  locutions,  weights  are  for  the  98  percentile  alrcrewman.  The  heavj’  (95, 
y8)  percentile  crewman  was  chosen  for  analysls'^purposes  because  the  resulting 
wlndblast/deceleratlon  forces  with  this  man  model  are  representative  for  the  design 
of  a restraint  system.  The  larger  surface  areas  generate  larger  aerodynamic  forces 
and  moments  affecting  seat  motion  during  ejection.  The  seat  bucket  position  used  for 
the  heavy  percentile  crewman  (full  down)  is  the  largest  frontal  area  for  the  sent^miui 
system.  Although  the  light  (6)  percentile  crewman  would  be  subjected  to  higher  rila- 
lodgement  forces  at  drogue  Inflation  because  of  less  deceleration  and  lower  mass , 
this  difference  was  not  considered  significant  for  the  purpose  of  overall  restraint 
system  design. 

B.  Methodology 

A Grumman  Slx-Degree-of- Freedom  lYaJectory  Program,  Reference  1,  was 
used  to  get  representative  time  histories  of  two  ejections: 

(1)  000  knot,  sea  level 

(2)  M 2.38,  46,000  feet 

both  at  a dynamic  pressure,  <1,*  » of  1220  psf.  The  program  requli’es  the  following- 
data  to  compute  these  trajectories: 

(1)  Rocket,  catapulting  and  geometric  characteristics  of  the  Martin-Baker 
MK-GRU7  ejection  seat 

(2)  Aerodynamic  data.  Figure  45,  of  a aeat/man  combination  (based  on 
Meference  2) 

(3)  Aerodynamic  deceleration  characteristics  of  the  drogue  and  main 
parachutes  (Reference  3). 
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Three  alrcrevonan  oonflguratlons  were  analyzed: 

(1)  Hand-*  on  face  curtain 

(2)  Hands  on  alternate  firing  Handle 

(3)  Hands  on  thighs. 

The  velocities  and  accelerations  of  the  seat/man  C.G  throughout  the  trajectory  time 
histories  are  not  appreciably  altered  by  differences  In  aerodynamic  data  for  the  three 
configurations.  Therefore,  configuration  (3)  was  used  as  the  base  condition  for  the 
trajectory  time  histories.  In  order  to  substantiate  that  the  computed  ti'ajoctorles 
represented  realistic  conditions  as  to  angular  rates  and  loads  at  the  seat/mon  C.G. , 
a set  of  sea  level  «00  knot  and  435  knot  computed  trajectories  were  correlated  with 
actual  sled  test  ejec  ’.lonr  at  the  same  speeds.  Good  general  agreement  at  these  t^vo 
conditions  precluded  :inv  additional  correlation  effort. 

Auxiliary  computer  programs  were  then  developed  to  input  the  time  histories  of 
the  accelerations  and  velocities  computed  by  the  six-degree-of-freedom  computer 
program  with  the  alrcrewmen  characteristics  from  Tables  1,  2 and  3 to  generate 
wlndblast/deceleratlon  forces.  For  the  wlndblast  force,  at  the  center  of  pressure  of 
each  surface  of  the  alrcrewmen  model,  the  following  calculations  were  made; 

<1)  The  local  velocity: 


'^C.  P.  '' 

^S/M  ' 

A Z • q - A Y • r 

'^C.P.  ' 

''S/M  ' 

A X . r - A Z • P 

''^C.P. 

'^S/M 

'A  Y . P - A X *q 

where,  U.,  V.,  W. 

= the  x,y,z  Inertial  components  respectively,  of  the  local 

Ih 

velocity  at  the  I " center  of  pressure  of  each  surface,  i 
varies  from  1 to  32  surfaces  describing  the  pitch  plane  model- 
ing of  the  alrcrewmen 

^'s/M  ^.S/M’  '^S/M  components,  respectively,  of  the  velocity' 

of  the  seat/^an  C.G. 

A 1. 

( AX)j,  ( AY)j,  ( - the  distances,  along  the  x,  y,  z axes  respectively,  to  the  i 

center  of  pressure  of  each  surface  from  the  seat/man  C.G. 

p,  q,  r - the  roll,  ptlch,  yaw  rates  respectively,  of  the  seat/man  C.G. 
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(2)  Assuming  subsonic.  Incompressible  flow,  Bernoulli's  Equation  was  ap- 
plied at  each  surface  to  derive  an  expression  for  pressure  coefficient,  C • 

I* 

as  follows: 


where 


+ q«  = P + q 


P«  “ freestream  static  pressure 
P - static  pressure  of  each  surface 
P«»  - freestream  density,  constant 

Vo6  = local  freestream  velocity  at  each  surface's  center  of  pressure 
(Uj,  Vj,  Wj  are  the  x,  y,  z velocity  components  respectively) 

- surface  tangential  velocity 

Vj^,  surface  normal  velocity 


Therefore,  the  normal  wlndblast  force,  Fj^,  at  each  surface  Is  given  by: 

- CpQoo  A.  where,  A Is  the  area  of  each  surface.  In  order  to  coinpute  the  normal 

velocity,  V^,,  and  consequently,  the  pressure  coefficient,  C , an  expression  for  the 
N p 

normal  vector  to  each  surface  was  developed  based  on  the  angle  9 presented  In 
Tables  1,  2 and  3,  the  alrcrewmen  model  configurations.  The  normal  vector  expres- 
ston  used:  N - Sin®  I - cos®  k,  and  the  convention  used  is  depleted  In  Figure  -K). 

Then,  with  n , the  Included  angle  between  the  local  velocity  vector  and  the  local  nor- 
mal vector  at  each  surface,  the  following  can  be  derived: 


f 'OH  r) 


Fv«||n1 
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where,  V • N vector  scalar  product  - sin  9 “ cosj 
I v".  1 J uf  , vf  I wf 
I N I =1.0,  unit  vector 

When  the  cos  n Is  less  than  zero,  the  surface  Is  shielded  from  flow  impingement. 

/2  2 

Voo  ■■  Therefore,  the  components  of  the 
wlndblast  force  at  a surface  are.  In  the  pitch  plane:  F = F sin  9 , F “ - cos  9 , 

— N Z IN 

2 2 
F„  t F . 

X z 

The  deceleration  forces  are  computed  by  (1)  Inputting  Table  4,  the  C.G.  loca- 
tions of  each  bofJy  component,  and  (2)  by  calculating  the  local  accelerations  at  each 
C • 0 1 : 

^'CG  ^ ^’s/M  ~ AX  • (q^  ^ ' A Y • P • q 4 A Z ■ p *r 

^'CG  ^'s/M  ' A X • p *q  - A Y-  (P^  + r^)  4 A Z *q  • r 

\<'CG  " 4 AX-pT  4 AY-q.r-  AZ(p^4-q2) 

where,  0^,  q » G components  respectively,  of  the 

local  acceleration  at  each  body  component  C.G. 
'"S/M’  ^S/M’  ^S/M  ~ * ^*'®’’tlal  components  respectively,  of  the 

, acceleration  of  the  seat/man  C,G. 

AX,  AY,  AZ  =■  the  distances,  along  the  x,  y,  z axes  respectively, 

to  the  body  component  C.G.  from  the  seat/mim  C.G. 
p,  q,  r - the  roll,  pitch,  yaw  rates  respectively,  of  the  seat/ 

man  C.G. 

(3)  'Ilie  forces  along  the  x,  y,  /,  axes  are  then  calculated  by  multiplying  the 
mass  of  each  body  component,  from  'fable  1,  by  the  above  accelerations 
of  each  C.G.  ITie  resultant  force  Is  then: 
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Restraint  forces  were  calculated  to  present  the  design  loads  a restraint  systeni 
must  anticipate  to  prevent  rotation  of  the  elbow  and  wrist  points  about  the  shoulder, 
the  knee  about  the  hip  and  the  ankle  about  the  knee.  First,  the  maximum  separation 
forces  In  the  x and  z directions  of  the  pitch  plane  were  determined.  These  occur  dur- 
ing the  time  period  for  drogue  parachute  deployment,  approximately  0.8  to  1.5  sec- 
onds after  sear-pull.  An  Impulse  acting  to  decelerate  the  seat/man  system  over  the 
steady  wlndblast  deceleration  causes  the  body  components  to  react  In  the  direction 
opposite  to  the  pulse.  Figure  44  exeinplifies  the  procedure  used  to  determine  these 
forces.  Each  force  presented  acts  to  displace  the  head,  in  this  example,  from  the 
seat,  These  forces  together  with  the  distances  to  the  point  locations  mentioned  above 
are  used  In  the  moment  equations  that  define  the  restraint  forces. 

C.  Results 

Figures  47  and  48  present  the  time  histories  of  two  ejections  t 

(1)  (300  knot,  sea  level 

(2)  M ==  2.38,  46,000  feet. 

These  results  describe  the  attitude,  angular  rates  and  loads  on  the  C.G.  of  the  seat  ' 
man  combination.  An  additional  trajectory  time  history  for  436  knot  seat  ejection, 
Figure  49,  Is  Included  since  It  was  used  for  correlation  purposes  with  the  8lx-Degree- 
of-Freedom  Trajectory  Program.  The  final  trajectory  time  history  presented,  Fig- 
ure 60,  Is  for  a 000  knot  seat  ejection  with  a two  stage  drogue,  'fho  two  stage  drogue 
alleviates  the  loads  on  the  seat/man  C.G. 

An  example  of  the  total  forces,  wlndblast/decelorntlon,  on  u body  component 
are  presented  In  Figure  28.  The  seat  attitude  and  height  during  the  ejection  trajec- 
tory are  also  presented.  The  deceleration  force  levels  from  Initiation  of  ejection  to 
deployment  of  the  drogue  parachute  are  a combination  of  rocket  thrust.  Internal  forces 
as  well  as  wlndblast.  After  drogue  pnrachxitc  deployment,  the  levels  then  condiln  tlie 
drag  of  the  parachute.  A comparison  of  the  deceleration  force  levels  for  a body 
component  arc  shown  In  Figure  34  for  the  two  ejection  cnses.  The  disparity  In  force 
levels  during  the  period  prior  to  the  drogue  parachute  deployment  Is  due  to  the  Mach 
number  effects.  Figures  47  and  48  demonstrate  that  the  pitch  attitude  for  the  (>00 
knot,  sea  level  ejection  decreases  quicker  tlian  for  the  M “ 2,38,  46,000  feet  ejec- 
tion. 'I’hls  Is  due  to  the  larger  values  of  pitching  moment  about  the  seat/man  C.G. 
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for  the  M “2.38  ejection.  Consequently,  for  the  800  knot  case,  the  values  of  are 
decreasing,  while  for  the  M = 2.38  case,  they  remain  at  an  already  higher  level. 

When  the  attitude  of  the  M - 2.  38  case  finally  begins  decreasing,  the  values  of 
Increase  greatly  before  tapering  off,  see  Figure  46,  aerodynamic  data  of  the  seat/man 
combination.  Since  the  values  of  C differ  the  most  during  this  interval,  they  account 
for  the  differences  in  force  levels  at  the  seat/man  C.G.  and,  consequently,  of  the 
acceleration  at  this  point.  Therefore,  this  effect  is  transmitted  to  all  the  body  com- 
ponents as  demonstrated  by  Figure  .34.  Otherwise,  the  deceleration  force  levels 
are  comparable  and,  consequently,  the  restraint  forces  were  developed  for  the  ttOO 
knot,  sea  level  case. 

An  example  of  the  wlndblast  force  levels  are  presented  in  3'able  (>.  A further 
breakdown,  necessary  for  design  purposes,  is  the  maximum  pressures,  forces,  nor- 
mal and  tangential  velocities  on  the  individual  surfaces  of  the  alrorewmen  model; 
these  data  are  presented  in  Table  7. 

A table  of  Hestralnt  Forces  is  presented  in  3’able  8.  The  maximum  vaUies  of 
the  component  forces  are  listed,  except  for  two  casesi 

(1)  The  x-component  of  the  knee  restraint  force  is  assumed  absorbed  by 
the  seat-torso  restraint,  and 

(2)  The  S', -component  force  at  the  ankle  is  assumed  to  be  absorbed  by  the 
knee  restraint. 

Configurations  (2)  and  (3)  are  sufficiently  close  in  appearance  to  have  comparable 
values  of  restraint  force. 

Flailing  On  Seat  Performance 

Five  flailing  alrorewmen  configurations  were  selected  and  their  trajectory 
time  histories  are  presented  for  comparison  to  the  basic  600  knot,  sea  level  time 
history,  Figure  47. 

The  configurations  are: 

• (4)  Left  hand  on  face  curtain,  right  arm  extended  horizontally  (90  degrees 
up)  and  to  the  side 

• (6)  Iloth  arms  extended  horizontally  (90  degrees  up)  and  to  the  side 

• (6)  Hands  on  face  curtain,  right  leg  rotated  90  degrees  outboard 
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• (7)  Both  arms  extended  horizontally  (90  degrees  up)  and  to  the  side,  both 
legs  rotated  90  degrees  outboard 

• (8)  Configuration  (7)  for  the  6 percentile  alrcrewmen. 

Incremental  aerodynamic  coefficients  for  the  above  configuration  were  devel- 
oped from  Reference  2 assuming  the  extended  limbs  were  cylindrical  In  cross  sec- 
tion. These  coefficients  were  then  added  to  the  data  of  Figure  4B  and  used  In  the 
Six- Degree-of- Freedom  Trajectory  Program  to  produce  time  histories.  Configura- 
tions (4)  and  (6)  represent  the  extremes  of  limb  positioning  due  to  flailing  which  causes 
significant  out-of-pltch  plane  motion  of  the  seat.  From  the  trajectories  presented, 
Figure  51  and  Figure  53,  yaw  rates  of  as  much  as  600  degroes/second  for  configura- 
tion (4)  and  500  degrees/second  for  configuration  (O)  were  generated  during  the  first 
0.4  seconds  of  the  time  history.  During  this  period,  the  axial  loads  induced  by 
wlndblast  increased  due  to  the  Increased  frontal  areas  presented  by  the  extended 
limbs,  while  the  normal  loads  remained  similar  to  the  base  non-flalllng  run.  After 
an  Initial  brief  period.  It  Is  understood  that  the  ultimate  position  of  the  extended 
limbs  would  be  sufficiently  changed  to  alter  the  remaining  time  history.  Assuming 
tliat  the  limbs  remained  In  their  Initial  configurations  for  a period  of  0.4  seconds, 
the  large  out-of-plane  rotations  Induced  would  very  likely  cause  drogue  and  main 
parachute  fouling  with  the  seat. 

Configurations  (5),  (7),  and  (8)  represent  extreme  flailing  configurations  which 
Increase  the  normal  and  axial  loads  on  the  crewman.  Since  the  flailed  limbs  are 
symmetrically  extended  only  pitch  plane  motion  develops.  Figures  .52,  53,  and  i>0 
are  the  trajectory  time  histories  for  configurations  (5),  (7)  and  (8)  respectively. 

Figure  01  compares  the  seat/man  velocity  for  configurations  2,  5,  7,  and  8.  The 
data  shows i 

• As  the  number  of  limbs  of  an  Identical  percentile  are  extended  (configura- 
tion (.5)  arms  out,  (7)  arms  and  legs  out)  the  frontal  area  Increases  to 
Induce  an  Increased  axial  load  with  a resulting  faster  deceleration 

• A spread  eagled  5 percentile  (configuration  0)  will  decelerate  faster  than 
a spread  eagled  98  percentile  (configuration  7)  to  Induce  a 5 g Increased 
axial  load. 

In  each  of  the  cases  for  which  flailing  trajectories  were  computed,  the  decelera- 
tion effects  from  wlndblast  forces  Increased  with  the  number  of  limbs  projecting 
Into  the  wtndstream.  Rotational  accelerations  caused  by  Initial  asymmetric 
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projections  of  limbs  Into  the  wlndstream.  Induces  additional  limb  flailing  and  further 
possible  Injuries.  This  effect  was  not  examined  In  this  study  since  limb  positions 
were  assumed  fixed  throughout  the  ejection  sequence. 

2.3  PROTECTION  METHODS  INVESTIGATED 

Some  specific  methods  for  optimizing  personnel  retention  for  protection  during 
ejections  through  the  600-knot  speed  range  are  discussed  below. 

Hexlble  Retention 

Positive  retention  by  flexible  lines  or  webbing  appears  to  provide  a multl- 
degree-of-freedom  of  system  concept.  Flexible  materials  are  easily  adaptable  for 
point  attachment,  they  align  with  the  load  vector,  are  compatible  to  the  variability 
of  the  human  body,  can  be  adjusted  easily,  can  be  wound  up  or  reeled  In,  are  light, 
can  be  easily  and  quickly  cut  for  separation  purposes,  and  come  In  many  materials 
such  as  cable,  wire,  webbing,  cord,  and  plastic.  Figures  3,  4,  6,  7,  B and  9 rep- 
resent some  concepts. 

Foam  In  Place 

Techniques  for  producing  Instant  rigid  foam  are  available  In  the  Industry. 

Foam  In  place  can  be  very  desirable  when  you  consider  that  It  can  be  configured  to 
provide  a protection  shield  against  wlndblast  and  aerodynamic  heating.  It  has  the 
disadvantages  of  requiring  a shape  controlling  system,  a reservoir  of  foaming  In- 
gredients, and  the  Inability  of  being  quickly  removed  from  the  crewman.  The  crew- 
man must  have  Instant  total  mobility  to  survive  the  post-ejection  rigors  of  a tree, 
rock,  land  or  water  landing  from  which  he  must  plan  his  survival  with  the  equipment 
he  Is  provided  with. 

Foam  In  place  has  been  considered  as  a device  to  trap  or  reposition  the  torso 
and  thighs  relative  to  the  seat,  and  as  a collar  to  support  the  head.  It  has  not  been 
considered  as  a device  to  retract  and  hold  the  crewman's  arms  and  legs,  as  this  rigid 
concept  Is  not  compatible  to  the  flexibility  of  the  number  of  limb  positions,  nor  Is 
there  any  practical  method  of  rlgldlzlng  the  arms  at  the  shoulder  to  prevent  forcible 
displacement  from  the  torso. 
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Foam  In  place  does  have  the  advantage  that  once  It  Is  rigldlzed  It  will  not 
lose  Its  shape  due  to  damage  from  puncturing,  abrasion,  etc. 

Inflatables 

Inflatable  devices  can  be  quickly  Inflated  and  deflated  as  desired.  This  means 
that  this  method  of  protection  Is  compatible  with  the  requirements  of  ejection  sys- 
tems and  post-ejection  survivability.  The  Inflatable  concept  can  be  used  as  a shield 
against  wlndblast  and  aerodynamic  heating.  It  Is  a perfect  device  for  retaining  the 
crewman's  head  as  a rigid  extension  of  his  torso,  (see  figures  3,  4,  8,  and  9),  It 
is  a jjerfect  device  for  repositioning  portions  of  the  crewman's  body  that  are  In  con- 
tact with  rigid  support.  Leg  positioning  Is  shown  In  Figure  5.  It  Is  a perfect  device 
for  tightening  torso  restraint  straps  by  Inflating  bladders  under  the  straps  to  create 
an  added  pressure  on  the  crewman's  body.  If  these  bladders  are  enlarged,  they  will 
act  as  a large  surface  area  to  distribute  eyeballs-out  deceleration  forces,  or  for 
that  matter,  crash  forces. 

Inflatable  concepts  have  not  been  considered  as  a device  to  retract  and  restrain 
the  crewman's  arms  and  legs  against  aerodynamic  and  acceleration  forces  since 
there  Is  no  practical  method  of  rlgldlzlng  the  arms  at  the  shoulder  to  prevent  forcible 
displacement  from  the  torso. 

Kncapsulated  Seats 

Encapsulated  seat  concepts  remain  as  a long  term  alternative  which  will  In- 
crease weight,  cost,  system  complexity,  airframe  Impact,  and  crewstntion  design. 
IXie  to  these  facts  It  appears  that  this  approach  Is  not  the  near-term  answer  for 
providing  additional  protection  against  600-knot  ejection  environments. 

Rigid  Mechanical  Restraint 

Rigid  mechanical  restraint.  In  the  form  of  articulated  surfaces  and/or  bars, 
has  been  rejected  for  the  following  reasons.  It  would  be  very  difficult  to  retract  a 
crewman's  arms  from  any  position  that  they  might  be  In.  Percentile  accommodation 
without  pre-flight  adjustment  would  be  complex.  You  cannot  predict  where  the  crew- 
man will  adjust  his  oye  to,  and  you  have  to  be  careful  you  do  not  completely  restrict 
body  component  dynamic  shift  because  this  motion  to  n degree  Is  a bullt-ln  damper  for 
body  protection. 
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Larger  fixed  geometry  or  articulated  seat  structure  support  surfaces  can  only 
Improve  crewman  support  from  displacement;  however,  crewman  mobility  In  the 
cockpit  must  not  be  restricted  and  the  added  complexity  of  an  articulated  device  Is 
considered  to  be  complex. 

Crewman  Garments 

The  use  of  a crewman's  garment  to  Integrate  the  entire  retention  device,  other 
than  the  retraction  system,  appears  to  provide  a concept  which  can  be  Integrated 
with  all  the  crewman's  protective  and  survival  Items  over  a wide  range  of  applica- 
tion. Figure  11  Is  a conceptual  configuration  for  a maximum  garment  which  of 
course  can  be  simplified  depending  on  the  aircraft's  specific  mission  requirements. 
This  garment  concept  addresses  all  hostile  environments  and  yet  provides  the  crew- 
man with  a retention  system  that  he  Is  basically  unaware  and  unencumbered  by. 

Foetal  Position 

Partial  foetal  positioning  of  the  crewman  will  cut  down  on  the  frontal  drag  area 
of  the  seat  (Compare  figures  1 and  S)  which  can  only  help  to  reduce  the  transverse, 
eyeballs-out,  deceleration  forces.  It  also  places  the  legs  In  u position  to  partially 
protect  the  abdominal  area  from  direct  wlndblast  as  the  crewman  exits  the  aircraft. 
The  crewman's  arms  become  located  within  the  torso's  frontal  area  to  give  them  sup- 
port against  wlndblast  effects  and  to  act  as  another  abdominal  protective  device. 

Reduced  frontal  drag  by  foetal  positioning  theoretically  will  Improve  the  escape 
system  by  permitting  the  stabilization/ deceleration  device  to  be  larger  and  more 
aerodynamlcally  effective  during  a zero-zero  ejection, 

2.4  PROrECTION  TECHNIQUES  INVESTIGATED 

Before  discussing  the  techniques  Investigated  by  this  program.  It  Is  desirable 
to  give  a brief  description  of  what  is  occurring  during  a 1220  P.S.  F.  ejection  at  sea 
level  and  46K  feet,  with  the  selected  base  line  Martin-Barker  MK-GRU7  type  ejec- 
tion seat. 

Wlndblast  forces  at  aircraft  separation  constitute  the  most  damaging  conditions 
to  an  unrestrained  crewman.  Figures  25,  2G,  27,  29,  30,  and  33  plot  the  X and  Z 
axis  forces,  from  aircraft  separation  thru  3.0  seconds  from  ejection  Initiation,  for 
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the  head,  lower  leg,  upper  leg,  upper  arm,  lower  arm,  and  hand  respectively.  As 
the  seat  is  free  to  yaw,  we  will  consider  as  the  worst  condition  all  X axis  forces  to 
represents  Y axis  forces. 

Since  wlndblast  forces  subside  as  the  system  decelerates,  the  only  other 
problems  the  crewman  faces  are  rotational  forces  and  deceleration  forces  imparted 
by  the  stablllzatlon/deceleratlon  device,  which  In  the  selected  system  for  evaluation 
Is  a Drogue  Chute  System. 

Rotational  forces  for  body  extremities  become  quite  large  due  to  the  fact  that 
the  seat  Is  searching  for  Its  equilibrium  position  prior  to  drogue  chute  control. 
Figures  28,  32,  and  41  provide  seat  pitch  position  data  In  degrees.  The  data  shows 
that  the  seat  back  whips  from  Its  Initial  17  degree  aircraft  separation  position  to 
a - 50  to  - 80  degree  forward  pitch  position  In  0. 2 to  0. 4 seconds  respectively  due  to 
aerodynamic  forces.  The  seat  then  rotates  violently  back  to  a 115  to  140  degree  aft 
pitch  position  In  approximately  0.5  seconds  due  to  the  Influence  of  drogue  chute 
forces. 

Let  us  look  at  the  effect  that  altitude,  with  the  resulting  Mach  Number  increase, 
has  on  the  performance  of  the  Martin-Baker  Duplex  Drogue  System  when  comparing 
an  equivalent  q of  1220  P.S.  F; 

• Figure  39  shows  that  altitude  reduces  the  peak  normal  gee  from  24  to  14 

• Figure  40  shows  that  altitude  reduces  drogue  drag  load  from  over  9000 
pounds  to  3000  pounds 

• Figure  41  shows  that  altitude  Increases  the  magnitude  of  seat  pitch  from 
-50  to  -59  and  '118  to  +140  degrees. 

These  effects  are  the  result  of  the  Drogue  System  being  blanked  out  by  the 
supersonic  shock  wave  off  the  seat.  This  blanketing  reduces  the  drag  effect,  which 
in  turn  reduces  the  normal  g,  but  Increases  seat  pitching. 

Figures  21,  22,  23,  29,  30,  33,  and  35  plot  the  X and  Z axis  acceleration 
forces,  from  aircraft  separation  through  3.0  seconds  from  ejection  Initiation,  for 
the  head,  lower  leg,  upper  leg,  upper  arm,  lower  arm,  hand,  and  foot  respectively. 

It  can  1)0  Hccn  that  the  maximum  forces  build  up  between  0.9  and  1.1  seconds  when 
the  seat  Is  whipping  backward  due  to  drogue  chute  Inflation.  This  means  that,  de- 
pending on  whether  the  seat  is  facing  forward  or  rearward,  the  unsupported  portions 
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of  the  crewman  should  be  restrained  to  the  seat  structure  to  prevent  their  displace- 
ment and  potential  flailing. 

The  techniques  to  be  Investigated  are  those  that  protect  the  crewman  from 
Initial  wlndblast  forces,  rotation,  and  deceleration  forces.  Some  specific  techniques 
that  were  Investigated  for  optimizing  personnel  protection  during  ejections  through 
the  600  knot  speed  range  are  discussed  below. 

Ejection  Direction 

A comparison  was  made  to  see  If  ejecting  In  n more  aftwnrd  direction  would 
provide  more  protection  to  the  crewman.  Figure  17  shows  the  comparison  of  a 13 
and  45  degree  back-angle  cockpit  ejection  configuration.  The  Initial  drag  area  is  re- 
duced from  6.0  square  feet  to  4.9  square  feet  respectively  at  the  time  the  seat 
separates  from  the  aircraft.  Note  that  there  will  be  no  discussion  In  this  report  on 
the  design  of,  or  the  advantages  and  disadvantages,  of  an  Increased  back-angle 
cockpit,  as  this  is  not  pertinent  at  this  time. 

A review  of  the  data  presented  by  Figure  69,  (45  degree  ejection  angle),  and 
Figure  47,  (17  degree  ejection  angle).  Indicates  the  following  effects  brought  about 
by  ejecting  at  a greater  reatnvard  direction  during  a 600  KEAS  escppe: 

• The  seat  pitching  magnitudes  and  oscillations  are  almost  Identical  throughout 
the  entire  trajectory  except  that  the  most  forward  pitching  position  Is 
reached  approximately  .15  seconds  later 

• The  normal  g during  the  initial  rocket  boost  phase  on  leaving  the  aircraft 
Is  15  g,  (or  7 g greater  than  a 17  degree  ejection),  due  to  the  fact  that 
wlndblast  deceleration  forces  on  the  bottom  of  the  seat  and  the  rocket  forces 
are  additive. 

The  results  of  this  data  show  that  there  Is  no  advantage  gained  by  ejecting  In  n 
more  rearward  direction  with  a seat  that  Is  not  stable  In  the  attitude  at  which  It 
leaves  the  aircraft.  If  the  seat  were  to  remain  stable  at  the  exit  angle  of  45  degrees 
the  following  potential  benefits  could  be  expected  due  to  the  reduction  of  drag  area 
and  crewman  positioning  In  the  alrstream: 
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• Ejection  capabilities  beyond  600  KEAS,  where  the  frontal  drag  area  of  the 
upright  ejection  system  begins  to  create  a deceleration  force  beyond  the 
human  tolerance  of  the  crewman 

• Better  wlndblast  protection  of  the  crewman's  torso  area  due  to  the  blanket- 
ing effect  of  the  rigid  structure  of  the  lower  legs. 

Seat  Orlentatlon/Stablllzatlon 

Even  If  you  had  the  space  and  time  to  rotate  the  existing  type  service  ejection 
seats  180  degrees  In  the  pitch  or  yaw  plane,  prior  to  exiting  the  aircraft,  the  pro- 
jected area  of  these  seats  are  not  great  enough  to  blanket  the  crewman's  entire  body 
from  Initial  wlndblast  forces. 

Controlled  orientation  of  the  seat  through  the  combined  seat/man  ejection  cycle 
will  prevent  unnecessary  rotational  forces  to  be  applied  to  the  creivmnn  imd  will 
permit  a controlled  deceleration  stage.  Some  aerodynamic,  mechanical,  and  pow- 
ered devices  for  seat  orientation  are  discussed  below. 

• Aerodynamic  Devices 

- r’lns,  plates,  and  booms  have  been  tried  In  the  past  primarily  as  a fix 
and  not  a solution,  otherwise  these  features  would  be  Incorporated  In  prooent  day 
ejection  seats 

- Drogue  chutes,  when  properly  bridled  and  rapidly  deployed  to  prevent  the 
seat  from  violent  aerodynamic  trimming,  are  an  effective  device  to  orient  seats. 

The  size,  type,  and  method  of  deployment  are  tailored  to  the  Individual  escape  sys- 
tem 

- An  aerodynamic  afterbody  concept,  shown  In  Figure  10,  can  conceivably 
not  only  provide  for  seat  orientation  and  stabilization  through!  the  entire  sent/man 
trajectory,  but  provide  a degree  of  streamlining  which  could  open  the  door  to  2000 
P.S,  F.  open  ejection  seat  escape  systems. 

Heference  (10),  "High  q Open  Ejection  Seat  System,  Phase  Ic  Study",  is  a re- 
port that  deals  with,  and  confirms,  the  feaslblllfy  of  utlllzlng  an  aerodynamic  Inflat- 
able afterbody  for  stabilization  and  deceleration  of  the  high  q seat  system,  following 
a supersonic  ejection.  The  Ueport  substantiates  that  the  Inflatable  afterbody  keeps 
the  stabilization  and  deceleration  forces  within  human  tolerance  If  ejection  occurs  at 
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velociHes  between  Mach  1.16  at  sea  level  and  Mach  4.1  at  60,000  feet.  The  ap- 
proach used  in  this  study  was: 

• Develop  seat/man/afterbody  combined  center  of  gravity  location 

• Develop  seat/man/afterbody  conflgviratlons  for  aerodsmamic  analysis 

• Conduct  aerodynamic  analysis  of  the  high  q seat  system. 

• Mechanical  Devices 

- Stenoel  Aero  Engineering's  D.A.R.T.  (Directional,  Automatic,  Realign- 
ment of  Trajectory)  system  la  being  used  at  present  as  a modification  to  some 
Escapuc  Seats  and  on  their  new  technology  SIIIB  seat  system.  Very  simply  a braking 
and  bridling  system,  deployed  from  the  bottom  of  the  seat  and  attached  to  the  cockpit 
floor,  Imparts  a force  to  the  seat  to  counteract  any  forward  or  aft  pitching  of  the 
seat  during  the  Initial  trajectory  phase 

- Extending  seat  guide  rails  and  curved  guide  rails  have  been  used  In  the 
past  with  very  few  lasting  authorltlve  benefits  derived. 

• Thrusting  Devices 

- STAPAC,  a Mac  Donnell  Douglas  Innovation  for  Initial  seat  orientation, 
consists  of  a vernier  rocket  motor,  rate  gyro,  gyro  spln-up  actuator,  biasing 
spring,  and  Interconnecting  linkages.  The  device  provides  a counter  rotating  force 
to  that  which  la  pitching  the  seat  forwarder  aft  during  ejection  seat  rocket  burning, 
and  then  produces  an  aft  pitching  rate  to  accommodate  the  next  phase  of  tl:e  escape 
system. 

- Most  ejection  seat  designers  have  considered  secondary  multiple  and 
single  thrusting  devices  for  seat  orientation  at  one  time  or  another.  Tethered,  aft 
firing  rockets  have  been  considered  to  replace  drogue  drag  forces.  "Q"  sensing 
rockets  have  been  mounted  on  head-rests  to  counteract  conditions  of  Initial  aft  pitch- 
ing of  [I  seat.  Multiple  rockets  have  been  theoretically  considered  for  selective 
thrusting  In  the  X,  Y,  Z axis.  Thrust  vector  control  of  the  main  sent  propulsion 
rocket  Is  probably  the  only  concept  at  this  time  that  can  economically  provide  the 
thrust  levels  necessary  to  overcome  the  enormous  aerodynamic  forces  of  a 1220 
P.S.  I’,  ejection.  Technical  report  Al'’FDL-TR-75- 105,  "Fluidic  'rhrust  Vector 
Control  for  the  Stabilization  of  Man/Ejectlon  Seat  Systems",  Reference  4,  describes 
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the  preliminary  design  of  a 2-axls,  hydrofluldlc  thrust  vector  control  (TVC)  system 
to  Improve  total  trajectory  of  an  ejection  seat  system  during  adverse  conditions  from 
0 to  600  knots  air  speed.  It  should  be  noted  however,  that  the  TVC  system  Is  only 
effective  when  thrusting,  and  the  seat/man  combination  still  requires  stabilization 
control  at  rocket  burnout  when  decelerating  from  high  speed. 

Wind  Defleotors/Canopy  Shielding 

In  the  early  days  the  Air  Foroe  experimented  with  the  use  of  a skip-flow- 
generator.  This  was  a boom  extending  forward  of  the  seat.  It  created  a shock  wave 
In  front  of  the  seat  to  protect  the  crewman  when  ejecting  at  supersonic  speeds.  This 
concept  was  never  im  orporated  Into  service  aircraft. 

Figure  15  shows  the  concept  of  erecting  the  aircraft's  windscreen  In  such  a 
manner  as  to  generate  a reduction  of  freestream  'q'  in  the  space  the  seat  Is  ejecting 
through  ns  It  leaves  the  aircraft.  Figure  12  Is  a simple  plot  for  determining  the 
percent  of  freestream  air  reduction  and  Its  effective  Influence  behind  the  windscreen 
based  on  the  size  of  the  windscreen. 

Erecting  the  aircraft's  windscreen  protects  the  crewman  by  reducing  the  Initial 
wlndblast  forces  on  his  body;  however,  the  small  amount  of  protection  gained  during 
an  ejection  at  a q of  1220  P.S,  F.  does  not  seem  to  warrant  the  Increased  complexity, 
cost,  and  weight  that  must  be  Incurred.  If  the  articulation  and/or  removal  of  the 
windscreen  were  to  be  considered  as  a standard  maintenance  procedure  for  optimum 
access  to  equipments,  controls,  and  displays  in  this  area,  then  a cost  effective  pro- 
gram would  have  to  be  Implemented  for  the  particular  aircraft  Involved. 

Streamlining 

Streamlining  im  Irregular  object,  like  an  ejection  seat,  will  allow  It  to  slip 
thru  the  air  with  less  drag.  This  In  effect  will  allow  you  to  present  a larger  projected 
frontal  drag  urea  during  the  deceleration  phase  without  Increasing  the  forces  on  tlie 
crewman.  Figure  10  represents  a concept  for  streamlining  an  ejection  sent  by  the 
use  of  an  aerodynamic  afterbody.  A discussion  of  this  concept  is  presented  imder 
"Aerodynamic  Devices"  as  a means  of  seat  orientation. 
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Drogue  Draa  Modulation 

Drogue  parachutes  are  a time  honored,  conventional,  and  well  established 
method  for  stabilizing  and  decelerating  an  ejection  seat.  Many  combinations  and 
types.  Figure  43,  have  been  experimented  with  throughout  the  years,  and  generally 
each  different  escape  system  requires  Its  own  design.  We  will  not  discuss  the  vari- 
ous systems  but  merely  point  out  that  by  modulating  the  size  of  the  drag  area  (or 
porosity)  you  can  significantly  reduce  the  peak  loads.  Figures  39,  40,  41,  and  42 
provide  data  on  Normal  'g',  drogue  drag,  seat  pitch,  and  seat/man  velocity'  compari- 
son for  the  MK-GIUJ7  type  seat  with  a Martin-Baker  duplex  drogue  system  (22  Inch 
controller  drogue  - 5 foot  stabilizer  drogue)  for  conditions  of  000  knots  at  sea  level 
and  1305  knots  at  45  K feet,  and  the  MK-GRU7  type  seat  with  a two-stage  drogue  (2.  5 
foot  Initial  drag  Increased  to  5 foot  drag  1.6  seconds  later)  for  condition  of  000  knots 
sea  level.  The  data  shows  that  the  two-stage  drogue  acts  In  the  followUig  way; 

• Reduces  the  peak  Normal  'g’  from  23  down  to  9.  5 

• Reduces  the  drogue  drag  force  from  over  9000  pounds  to  3000  on  the  first 
stage  and  3500  pounds  on  the  second  stage 

• Results  In  a 0.1  second  Increase  In  time  to  attain  the  same  aft  seat  pitch 
angle  of  approximately  117  degrees,  and  reflects  one  In  lieu  of  three  oscilla- 
tions prior  to  system  stabilization 

• Produces  a flatter  seat/man  velocity  decay,  which  means  that  If  the  main 
parachute  Is  deployed  at  the  same  elapsed  time,  the  seat/man  velocity  will 
be  450  feet/second  Instead  of  the  300  feet/second  for  the  basic  system,  An 
additional  0.  9 seconds  la  required  for  the  two  stage  drogue  system  to  slow 
the  seat/man  combination  down  to  300  feet/second.  This  time  loss  of 
course  is  unacceptable  and  must  be  traded  off  with  higher  speed  parachute 
deployment  which  Is  treated  In  the  next  area,  "Main  Parachutes". 

Main  Parachutes 

.Main  parachute  opening  shocks  generally  depend  on  the  speed  and  air  density  at 
which  the  parachute  Is  deployed.  The  success  of  the  escape  system  Is  measured  In 
terms  of  how  quickly,  within  human  tolerance  and  under  adverse  conditions,  you  cim 
recover  the  crewman  under  a fully  Inflated  parachute.  Ihit  these  facts  together  and 
you  are  left  with  the  basic  problem  of  decelerating  the  entire  system  ns  fast  as  you 
can  ut  an  optimum  controlled  trajectory.  You  are  also  left  with  the  decision:  "if 
we  sweeten  the  Initial  ejection  phase  by  reducing  the  peak  loads,  can  we  afford  to 
lose  the  time  It  takes  to  decelerate  to  a velocity  that  the  main  parachute  can  be 
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deployed  at?".  It  not,  you  must  then  trade  time  for  energy  and  subject  the  crewman 
to  higher  but  tolerablet  nnd  non-tnjurlous  main  parachute  deceleration  forces  by 
deploying  the  main  parachute  earlier  at  a higher  velocity.  There  are  several  methods 
of  doing  this  as  discussed  below: 

• Stencel  Aero  Engineering's  Ballistic  Parachute  Spreader  Is  a device  that 
balllstlcally  propels  small  weights,  that  are  attached  to  the  skirt  of  the 
parachute,  In  a radial  direction.  At  low  velocity  conditions,  the  parachute 
Is  spread  out  to  gulp  air  for  rapid  Inflation.  At  high  velocities  the  mass 
of  the  weights  is  supposed  to  prevent  rapid  parachute  opening 

• A very  standard  technique  of  reefing  the  parachute  con  be  employed  to 
prevent  explosive  opening  and  to  control  the  force/ time  deceleration 

• High  speed  opening  parachutes  can  be  employed.  Martin-Baker  has  Intro- 
duced an  aero-contcal  design  Into  his  MK-10  series  seat  systems. 

2.B  REVIEW  OF  MK-GRU7  TYPE  SYSTEM  - EQUIPMENT  AND  PARACHUTE 
DAMAGE 

Table  9 Is  a summary  of  personnel  garments,  survival  equipment,  drogue 
chute,  and  main  parachute  damage  resulting  from  fourteen  ejection  sent  tests  con- 
ducted during  six  selected  high  speed  sled  tests.  Test  velocities  varied  from  435 
to  (iOO  KEAS.  The  A-6A  and  F-14  sleds  were  furnished  with  Martin-Baker  MK-GRl'7 
and  MK-GRU7A,  zero-zero,  rocket  ejection  seats  respectively.  The  EA-GB  sled 
Incorporated  the  early  Martin-Baker  MK-GRUEA5,  100  knots  on  the  deck,  catapult 
ejection  seats. 

Due  to  the  small  sampling  of  ejection  tests,  the  use  of  three  different  sent  ’ 
cockpit  configurations,  the  use  of  anthropomorphic  dummies,  and  the  fact  that  tlie 
majority’  of  the  ejections  were  through  the  overhead  canopy  make  It  unrealistic  to 
come  up  with  a statistical  analysis  of  the  damage;  however,  the  following  generallzn- 
tlons  can  be  made  regarding  those  dummy  ejection  tests: 

• Through-the-conopy  ejection  Is  an  overall  saving  of  escape  sequence  time 
that  results  In  more  potential  damage  to  the  dummy  and  Its  equipment 

• Ejection  at  velocities  of  43,5  KEAS  and  above  results  In  tears  and  fraying 
of  the  garments,  broken  helmet  visors,  opening  of  survival  equipment, 
and  In  one  case  loss  of  a boot 

• There  Is  moderate  to  severe  damage  to  the  drogue  and  main  parachute  sys- 
tems which  will  not  contribute  to  potential  crewman  Injury 

• None  of  the  damage  or  loss  of  equipment  appears  to  linve  contributed  to  any 
loss  of  ejection  system  performance;  however,  when  reviewing  the  data 
presented  In  reference  G,  "AGARD  Conference  Proceedings  No.  134  on 
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Escape  Problems  and  Maneuvers  in  Combat  Aircraft",  and  reference  7, 
"AGARD  Conference  Proceedings  No.  170  on  Blodynamlc  Response  to  Wind- 
blast"',  these  effects  could  contribute  to  sufficient  crewman  Injury  to  prevent 
post-ejection  survival  from  all  hostile  (water,  land,  trees,  enemy  territory, 
etc. ) environments. 

2.0  REVIEW  OF  MK-GRU7  TYPE  SYSTEM  PARACHUTE  CHARACTERISTICS 

The  characteristics  of  a parachute  are  very  dependent  on  Its  design,  material, 
and  method  of  deployment.  In  an  ejection  seat  escape  system  you  must  consider  the 
total  variation  of  recovered  weight.  The  parachute  system  must  recover  die  range  of 
varied  crewman  percentile  weight  within  human  tolerance  during  die  deceleration  and 
landing  Impact  phases.  In  addition,  the  system  must  be  capable  of  minimum  deploy- 
ment and  inflation  time  throughout  the  escape  system's  range  of  altitude  and  velocity-, 
and  be  capable  of  being  deployed  In  a manner  that  will  not  snag  or  entangle  widi  die 
crewman  or  other  portions  of  the  escape  system.  It  Is  desirable  that  the  recovery' 
parachute  permit  guidance  by  the  crewman  to  an  optimum  landing  site  and  In  a dli'ec- 
tlon  that  Is  best  suited  to  the  wind  conditions. 

The  MK-GRU7  Type  System  Parachute  Is  a standard  28  foot  flat  canopy  that  In- 
corporates Martin-Baker's  pull-down-vent  lines.  Controlled  deployment  and  Inflation 
of  this  parachute  Is  carried  out  In  the  following  manner i 

• The  duplex  drogue  system  (Figure  43),  anchored  at  the  top  of  the  seat,  is 
deployed  at  a determined  time  to  stabilize  and  orient  the  seat/ci*ewman  In  a 
feet  flrst/head  aft  position  for  downwind  deployment  of  the  main  parachute, 

At  low  speed,  an  antlsquld  line  In  the  stabilizer  drogue  relieves  the  force  on 
the  canopy /shroud  line  configuration  to  permit  rapid  Liflatlon  of  this  drogue 
for  fast  stabilization  of  the  seat.  At  high  speed,  the  small  controller  drogue 
squids  the  stabilizer  drogue  to  cut  down  the  drag  force  and  resulting  decelera- 
tion on  the  crewman 

• At  a determined  time,  within  a specific  altitude  range,  the  crewman,  hla 
survival  kit,  his  parachute,  his  restraints,  and  the  duplex  drogue  system 
are  released  from  the  seat,  'fhe  drogue  system  Is  now  allowed  to  transfer 
Its  stabilizing  force  from  tlie  seat  to  open  the  parachute  pack  and  deploy  tlie 
main  parachute  downwind  for  controlled  aerodynamic  Inflation 

• Main  parachute  opening  characteristics  are  controlled  by  airspeed  and  alti- 
tude, At  low  speeds,  the  pull-down-vent  lines  take  tlie  drogue  drag  force 
from  the  apex  of  the  main  parachute  directly  to  the  upper  parachute  riser 
links,  'tills  relieves  the  canopy/shroud  line  configuration  from  any  Initial 
drogue  drag  force  and  permits  the  canopy  to  rapidly  Inflate,  At  high  speeds, 
the  drogue  drag  force  lengthens  tlie  pull -down- vent  lino  geometry  so  that  Uie 
drogue  force  goes  directly  Into  the  parachute  to  retard  Its  normal  opening 
and  reduce  the  Initial  opening  shock  on  the  creivman. 
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A review  of  the  normal  g for  a 435  and  600  knot  ejection  at  sea  level,  Figures 
49  and  47  respectively,  indicate  that  there  are  peak  force  pulses  for  drogue  opening 
and  main  parachute  opening.  The  drogue  opening  effects  are  discussed  in  the  fourth 
paragraph  of  Section  2. 4 and  under  Drogue  Drag  Modulation  of  the  same  section. 
Figures  49  and  47  show  that  the  main  parachute  opening  pulses  are  in  the  order  of  10 
to  13  g for  the  heavy  crewman.  Data  from  the  600  knot  F-14  sled  test,  referred  to  in 
Table  9,  shows  that  the  heavy  crewman  sustained  a maximum  of  9. 3 g,  and  the  light 
crewman  a maximum  of  16. 9 g,  both  over  a .02  second  time  period. 

2.  7 SELECTION  OF  CREWMAN  RETENTION  SYSTEM 

2.7.1  Best  Approach 

The  best  approach  is  considered  to  be  the  one  that  positively  positions  and  holds 
the  entire  crewman's  body  to  the  ejection  seat  in  a manner  that  will  afford  crewman 
protection  against  all  environmental  stresses  and  yet  will  not  require  the  crewman  to 
perform  any  unusual  additional  preflight  or  oostflight  operations. 

The  following  sections,  "Criteria",  "Description",  and  "Design  Concept/Sub- 
stantiation" represent  the  selected  approach  developed  under  this  program, 

Approaches  for  the  development  of  the  restraint  system  were  evaluated  and 
selected  for  consideration  through  tlte  development  of  the  Evaluation  Matrix  presented 
by  Figure  62,  llae  design  criteria  for  the  retention  system  was  selected  based  on  tlie 
devices  presented  by  Figure  63. 

2. 7. 1.1  C rite  rla 

The  system  will  protect  single  or  multiplace  (command  sequence)  ali’cvaft  crew- 
men against  aerodynamic  and  acceleration  forces  when  ejecting  In  on  open  seat  at  air- 
speeds up  to  600  knots  and  up  to  45,000  ft.  altitude.  Ejection  is  initiated  by  a thigh 
level  control.  Protection  is  accomplished  by  retraction  and  retention  of  the  crewman's 
arms  and  legs  and  support  of  his  head.  The  systems  concept  is  developed  to  be  com- 
patible as  a system  or  technique  for  incorporation  into  new  or  retrofit  Navy’  ejection 
seat  systems.  Tlie  system  is  integrated  so  that  tlie  crewman  is  unaware  tliat  ho  is 
provided  wltli  a head  support/llmb  retention  system,  'llie  concept  does  not  require 
the  crewman  to  perform  any  additional  hook-ups  beyond  the  present  lap  bolt,  shoulder 
hamosH,  and  log  garter  arrangements  on  H.S,  Navy  Martin- Baker  seats.  The  sys- 
tem permits  use  of  tlio  Navy  integrated  torso  suit.  The  promise  1s  that  the  applicable 
seat  should  incorporate  the  following  systems  or  features! 
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• lleaxlrest  concavity  to  center  the  crewman's  helmet  and  prevent  It  from 
sliding  off  the  side  of  headrest 

• Seat  sides  for  preventing  splaying  of  the  legs,  when  properly  restrained, 
from  wlndblast 

• A powered  Inertia  reel  to  retract  and  restrain  the  crewman's  upper  torso  to 
the  seat  structure 

• A lap  belt  that  Is  power  tightened  or  properly  adjusted  to  hold  the  crewman's 
hips  to  the  seat 

• A seat  propulsion,  stabilization,  and  recovery  system  that  will  prevent  rapid 
rotation,  deceleration,  or  yawing  of  the  seat/man  system  beyond  human 
tolerance 

• An  Input  signal  for  the  Initiation  of  the  limb  retention  system's  power  retrac- 
tion device  and  severance  modes 

• Protection  from  seat  rocket  blast  when  the  crewman's  legs  are  back  against 
the  front  face  of  the  seat 

• A 0.250  second  delay  from  ejection  Initiation  to  seat  first  movement. 

2. 7. 1.2  Description 

• Limb  Restraint 

Arm  and  leg  restraint  Is  accomplished  by  triggering  a powoi'ed  device  on  the 
seat  that  picks  up  snap-out  retention  lines  Integral  to  the  crewman's  garment.  Re- 
traction of  those  lines  (one  per  arm  and  leg  combination)  pull  and  hold  the  wrists  to 
the  Inside  of  the  knees,  the  knees  down  so  that  the  upper  legs  are  held  firmly  to  the 
seat  cushion,  and  the  lower  legs  back  to  be  held  firmly  to  Uie  front  surface  of  tlie  seat. 
A spreader  band,  stowed  In  the  region  of  tlie  abdomen,  pulls  free  to  lodge  between  tlie 
wrists  and  knees  to  hold  the  knees  and  wrists  together.  This  configuration  keeps  the 
elbows  In  and  holds  the  skeletel  structure  of  tlie  crewman  firmly  so  that  It  will  not 
flail.  i:>urtng  an  ejection  cycle  the  restraint  lines  are  programed  to  be  severed  by  a 
device  on  the  seat  to  release  the  limb  restraint  system.  For  emergency  exiting  of 
the  cockpit  under  non-ejection  conditions  the  restraint  lines  will  be  severed  at  this 
point  automatically  by  an  Input  from  whatever  release  system  Is  provided  by  the  seat. 

See  Figures  9 and  11  for  basic  concept  of  limb  restraint  system, 

• Head  Support 

Head  support  Is  accomplished  by  inflating  a device  between  tlie  ci’ewmian’a 
helmet  and  huH  to  make  his  head  a rlglil  extension  of  his  torso.  Inflation  Is  triggered 
automatically  by  movement  of  the  limb  restraint  Hnai>-out  linos  on  the  crewman's  gnr- 
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ment.  The  head  support  system  Is  divorced  from  the  seat  system  primarily  to  allow 
the  head  to  follow  the  dynamic  shift  of  the  torso  during  the  ejection  cycle.  Due  to  the 
sizes  of  the  crewman  population,  It  would  be  very  difficult  to  select  a common  point 
of  helmet  attachment  to  the  seat  structure  that  would  accommodate  the  dynamic  shift 
as  well  as  the  variance  of  helmet  locations.  The  device  will  be  deflated,  if  required, 
at  the  appropriate  time.  No  emergency  release  is  required  as  the  system  is  Integral 
to  the  crewman's  worn  equipment  and  will  not  restrict  crewman  evacuation  of  the 
cockpit  or  seat. 

The  head  support  system  eliminates  the  need  for  crewman  preflight  hookup, 
post-flight  release,  or  automatic  ejection  sequence  for  release.  Additionally,  since 
the  system  is  totally  integral  with  the  suit,  it  reduces  the  undesirable  feature  of 
having  an  exposed  retraction  system  of  straps,  brackets,  or  cables  that  would  have 
to  be  kept  from  snagging,  interfering  with  the  crewman's  vision,  or  btlierwlse  ham- 
pering his  movements. 

See  Figures  9 and  11  for  basic  concept  of  the  head  suppoi*t  system. 

e Crewman's  Gannent 

The  crewman's  garment  incorporates  the  limb  retentlon/head  support  sys- 
tems described  above  plus  pockets  for  stowage  of  the  crewman's  carried  survival 
equipment.  The  garment  is  worn  as  a top  garment  and  comes  in  various  sizes  to 
accommodate  the  third  through  98th  percentile  crewman.  A front  zlppered  Ingi’ess 
and  egress  is  provided  to  allow  the  crewman  quick  donning  or  divestment  and  easy  ac- 
cess for  tightening  torso  cross  strap. 

The  garment  provides  access  to  tlie  four  Navy  torso  harness  fittings,  anti  "g" 
suit  connection,  and  the  exposure  suit  vent  connection.  This  program  phase  does  not 
consider  Integration  of  oxygen/communication  line  runs  or  repackaging  of  life  pre- 
server to  clear  restraint  lines. 

Other  then  connecting  the  two  limb  restraint  lines,  tlie  four  torso  harness 
fittings,  and  the  normal  service  connections,  the  garment  system  as  concepted  elimi- 
nates the  need  for  crewman  preflight  hookup  and  post  flight  release  of  his  retention 
and  support  systems.  Also,  since  the  systems  arc  totally  Integral  wltli  Uie  garment 
there  Is  no  posulblllty  of  snagging  or  hampering  of  the  crewman's  movements. 

Sec  Figure  5)  and  11  for  concept  of  crewman's  garment  described  above.  See 
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also  Figure  18,  which  reflects  baseline  concept  for  location  of  retraction  lines  and 
head  support  system. 

• Limb  Restraint  Retraction  Device 

The  limb  restraint  retraction  device  can  be  provided  in  several  different 
design  concepts  depending  on  the  type  of  ejection  seat  and  cockpit  configuration  you 
are  dealing  with.  A tilting  seat  pan  or  Inflatable  type  of  knee  raising  device  will  be 
required  in  those  aircraft  configurations  where  the  legs  do  not  have  clearance  to  be 
positioned  and  restrained  to  the  seat  before  seat  movement.  Listed  below  are  several 
retraction  device  concepts. 

(1)  Three-to-one  Mechanical  Retraction.  See  Figure  16. 

Employ  a three-to-one  mechanical  retraction  of  the  restraint  lines 
through  a one-way  snubbing  device  on  the  seat.  This  scheme,  like  Martin- Baker's 
l«jg  retention  system,  uses  seat  motion  during  the  ejection  sequence  as  the  force  to 
retract  the  restraint  lines  through  the  snubber.  A suitable  release  or  shear-out  con- 
nection must  be  provided.  This  scheme  has  the  advantage  of  being  the  simplest*,  but, 

I t has  the  potential  disadvantage  of  having  to  retract  the  arms  upward,  if  they  are  in 
a low  position,  when  under  the  Influence  of  the  ejection  loads. 

(2)  Power  Retraction  Reel.  See  Figure  9. 

Employ  a power  retraction  reel  to  wind  up  the  restraint  lines  Independent 
of  seat  motion.  The  reel  can  be  a high  speed  (many  revolutions)  small  diameter  drum 
device,  or  a slow  speed  (two  revolution)  large  diameter  drum  device,  depending  on  the 
available  space. 

(3)  Power  Retraction  Gobbler. 

Employ  a power  retraction  gobbler  device  to  pull-in  tlie  lines  and  eltlier 
stow  them  In  a contained  area  or  let  them  fall  free. 

2.7. 1.3  Design  Concept/Substantiation 

The  design  of  the  crewman  restraint  system  is  presented  by  Figures  9 and  11 
U)  permit  an  understanding  and  visualization  of  too  proposetl  concept  In  sufficient  de- 
tail for  prototyping. 

1110  selected  vleslgn  concept  Is  substantiated  by  the  following  figures,  tables, 
etc!,  without  the  addition  of  a load  safety  factor. 
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9 Table  8 

This  figure  defines  the  maximum  applicable  crewman  point  loading  that  must 
be  designed  for  to  prevent  the  crewman  from  flailing  or  being  dislodged  from  the  seat, 

• Tables  6 and  7 

These  tables  define  the  maximum  pressure  and  shear  loads  on  the  applicable 
crewmim's  surfaces.  The  maximum  pressures  are  shown  to  be  within  the  human 
tolerance  limits  specified  In  Section  2. 2 of  this  report. 

• Figure  62  lists  the  protective  devices  that  were  evaluated  and  selected  for 
consideration. 

• Figure  63  shows  what  protection  requirement  each  selected  device  satisfies. 
2.7.2  Alternate  Approaches 

The  following  alternate  crewman  restraint  concept  approaches  ore  compatible 
to  the  present  crewman's  garments  and  survival  equipment  that  he  wears  upon 
entering  the  cockpit. 

Figure  64  deplete  the  Installation  of  a Belt  Grabber  Restraint  concept.  'Phe 
belt  Is  stowed  on  an  Inverted  horseshoe  frame  that  Is  pivoted  from  the  rear  cockpit 
bulkhead,  Upon  ejection  Initiation*  the  crewman's  torso  Is  pulled  back  and  restrained 
to  the  seat  back  by  the  shoulder  harness- powered  Inertia  reel,  his  thighs  are  elevated 
to  Insure  thlgh/seat  surface  contact,  £ind  then  the  belt  frame  Is  articulated  forwai’d  to 
sweep  the  upper  arms  Inward  and  place  the  belt  in  a position  so  that  when  the  two  belt 
retraction  reels  are  fired,  the  belt  will  snap  down  to  entrap  and  hold  the  arms  and 
thighs  to  the  seat.  The  belt  frame  Is  articulated  back  to  clear  the  ejection  envelope. 
Lower  leg  retention  is  accomplished  by  a Martin-Baker  type  leg  garter  system.  Belt 
release  occurs  at  seat/man  separation. 

Figure  65  depicts  the  Installation  of  a Pillow/Belt  Grabber  Restraint  concept. 
The  belt  and  pillows  are  stowed  on  an  inverted  horseshoe  shell  frame  that  is  pivoted 
from  the  seat  sides.  Upon  ejection  Initiation,  the  crewman's  torso  Is  pulled  back  and 
restrained  to  the  seat  bock  by  the  shoulder  hurness  powered  Inertia  reel,  his  thighs 
are  elevated  to  Insure  Uilgh/seat  surface  contact,  and  then  the  plllow/belt  shell  fratite 
Is  articulated  forward  to  sweep  the  upper  arms  Inward  and  place  the  plllow/belt  In  a 
position  so  that  when  the  two  belt  retraction  reels  are  fired,  the  belt  will  snap  down 
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and  initiate  pillow  inflation.  An  external  pillow  will  inflate  as  a rigid  continuation 
of  the  shell  frame  to  form  a contoured  protective  windblast  shield.  An  inner  pillow 
will  inflate  to  softly  fill  the  area  between  the  inner  surface  of  the  rigid  pillow  and  the 
crewman's  head,  torso,  arms,  and  thighs  in  a manner  which  will  not  create  pressure 
points  on  the  crewman,  due  to  the  irregular  nature  of  the  survival  equipment  he  is 
wearing,  and  to  accommodate  the  percentile  range.  The  belt  acts  as  the  force  to 
hold  the  pillows  to  the  seat  for  entrs^iment  of  the  crewman's  arms  and  thighs,  and 
support  of  his  head.  Lower  leg  retention  is  accomplished  by  a Martin- Baker  type 
leg  garter  system.  Release  of  the  Pillow/Belt  configuration  occurs  at  seat/man 
separation. 

Figure  66  depicts  the  installation  and  operational  concept  of  a Sweep  and  Grip 
restraint  system.  Each  of  the  six  gripper  assemblies  are  made  up  of  two  elements 
that  are  connected  by  a flexible  web,  and  mounted  to  a common  cone  pivotable  base. 
The  web  provides  a large  surface  contact  area  to  distribute  the  gripping  force  on  the 
crewman.  The  cone  pivotable  base  permits  the  gripper  assembly  to  be  ax'ticulated 
from  the  stowed  position  into  a sweeping  arc  (out  and  then  back  in)  to  force  the  limbs 
inward.  The  elements  are  pressurized  as  required  to  curl  and  hold  the  limbs  im- 
mobile. Upon  ejection  initiation  the  crewman's  torso  is  pulled  back  and  restrained 
to  the  seat  back  by  the  shoulder  harness  powered  inertia  reel,  his  thighs  are  ele- 
vated to  insure  thigh/seat  surface  contact,  and  then  the  gripper  assemblies  are  ar- 
ticulated to  sweep  the  limbs  inward.  The  upper  and  lower  arm  grippers  now  curl  to 
hold  the  arms  and  thighs  immobile.  The  leg  gripper  curl  action  is  initiated  during 
the  ejection  phase  of  the  guided  seat  travel  when  the  lower  legs  have  penduliuned 
back  against  the  front  of  the  seat  due  to  the  ejection  forces.  Gripper  release  occurs 
at  seat/man  separation. 

2.  8 SYSTEMS  FOR  IMPROVEMENT  OF  CREWMAN  PROTECTION 

Section  2,7  deals  with  the  ground  rules  and  selection  of  tlie  Crewman's  Reten- 
tion System.  Section  2.8  deals  with  other  than  restraint  methods  and  techniques  for 
protecting  the  crewman  against  the  violent  environment  of  a 600  KEAS  ejection. 

I’'lgurc  62  lists  the  protective  devices  that  were  evaluated  and  selected  for  con- 
sideration. I'Tgurc  6.0  includes  each  of  these  selected  devices  and  shows  what  pro- 
tection requirement  it  satisfies.  Below,  each  one  of  the  Protective  Devices  are  dis- 
cussed to  show  their  contribution  to  Crewman's  Protection. 
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Inflatable  Support 

The  inflatable  device  shown  by  Figure  5 raises  the  crewman's  thighs,  not  only 
to  provide  cockpit  floor  clearance,  but  to  reduce  the  frontal  drag  area  of  the  seat/ 
man  combination  which  will  reflect  a reduction  of  deceleration  forces.  This  device 
also  permits  the  stabilization/deceleration  system  to  pick  up  more  drag  authority 
provided  the  system  combination  is  within  human  tolerance.  See  Inflatables , Section 
2.3. 

Full  Face  Helmet 

The  full  face  helmet  concept,  depicted  by  Figure  11,  provides  the  crewman 
with  windblast  protection  of  his  face  and  eliminates  the  potential  loss  of  his  oxygen 
mask  and/or  helmet. 

The  helmet  should  be  lighter,  stronger,  absorb  impact  better,  have  better  C.G. 
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location,  Incorporate  ventilation.  Incorporate  communications  and  oxygen  servicing 
input  wltliout  visual  or  crewman  mobllliy  Infringements,  protect  against  biological 
and  chemical  warfare,  bo  uottKlynamlcally  stable,  lie  more  comfortable,  and  be 
quickly  donned/doffed.  'l1ie  helmet  configuration  should  consider  compatibility  to  the 
High  Acceleration  Cockpit  needs  and  restrictions.  The  face  glass  should  consider  the 
aspects  of  being  selectively  darkened,  color  controlled  for  maximum  recognition 
under  high  g forces,  with  the  option  of  selectable  optical  magnification  and  projection 
of  fli^t  and  data  displays. 

Foetal  Positioning 

Foetal  positioning,  beyond  what  Is  depleted  by  Figure  5,  will  lessen  the  frontal 
drag  area  to  reduce  the  deceleration  forces,  and  place  the  legs  In  a position  to  par- 
tially protect  the  abdominal  area  from  direct  windblast.  See  Foetal  Position,  Section 

2.3. 


45  Degree  Ejection  Angle 

Ejecting  in  a 46  degree  aftward  angle,  as  depicted  by  Figure  17,  potentially 
does  two  things  of  value.  First  there  Is  better  windblast  protection  of  the  crewman's 
torso  area,  and  secondly  the  drag  area  Is  so  reduced  that>000  KEAS  Ejection  capn- 
bllltles  can  be  considered  without  exceeding  human  tolerance.  See  Ejection  Direction, 
Section  2.4, 

Windscreen 

1’be  windscreen  concept  depicted  by  Figure  15  will  potentially  reduce  the  wind- 
blast  forces  on  the  crewman  as  he  is  riding  up  the  ejection  rails  in  a constant  q force 
field,  and  during  the  Initial  phase  of  separating  from  the  aircraft.  See  Wind  Deflec- 
tors/Canopy  Shielding,  Section  2.4. 

Modulated  Drogue 

A modulated  drogue  chute  system  can  provide  two  assets  to  improve  crewman 
protection.  First,  a drogue  chute  will  provide  for  excellent  seat/mnn  stabilization 
within  human  tolerance  provided  that  the  seat/mnn  combination  is  stabilized  at  the 
proper  attitude  during  its  deployment  phase.  Secondly,  the  ability  to  modulate  (change 
drag  characteristics)  will  allow  the  crewman  to  be  decelerated  maxlmumly  within  the 
requirements  of  the  escape  system.  See  Drogue  Drag  Modulation,  Section  2. 4, 
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Afterbody 

An  nerodjnnnmic  afterbody  concept,  depleted  by  Figure  10,  can  not  only  pro- 
vide for  seat  orientation  and  stabilization  throughout  the  entire  seat/man  trajec- 
tory, but  provide  a degree  of  streamlining  to  reduce  the  system  drag  and  open  the 
door  to  2000  P.  S.F.  open  ejection  seat  escape  systems.  See  ’’Aerodynamic  De- 
vices” and  Streamlining.  Section  2.4. 

Thrust  Vector  Control 

Thrust  Vector  Control,  discussed  under  ’’Thrust  Devices”  of  Section  2. 4,  Is  n 
seat/man  stabilization  device  which  only  performs  Its  function  during  the  very  short 
thrusting  period  after  aircraft  separation,  and  will  require  an  additional  stabilizing 
system  when  decelerating  from  the  higher  speeds. 

B.A.R.T, 

D.A.R.T. • discussed  under  ’’Mechanical  Devices,”  Section  2.4,  performs  the 
task  of  stabilizing  the  seat/man  configuration  during  the  Initial  phase  of  exiting  the 
aircraft,  and  will  require  an  additional  stabilizing  system  to  cover  the  time  period 
up  to  main  parachute  deployment. 

Ballistic  Spreader 

The  Ballistic  Parachute  Spreader,  discussed  under  Main  Parachutes,  Section 
2.4,  Is  a device  to  sweeten  the  opening  shock  on  a crewman  without  deteriorating  the 
zero-zero  ejection  capabilities. 

Reefing 

A very  standard  technique  of  reefing  the  parachute  can  be  employed  to  prevent 
explosive  opening  and  to  control  the  foroe/tlme  deceleration. 

Aero- Conical 

The  Aero-Conlcal  parachute  has  been  Introduced  by  Martin- Baker  Into  his 
Mk-10  series  seal  systems  to  reduce  opening  shocks  on  the  crewman  without  deteri- 
orating the  zero-zero  ejection  capabilities. 
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Section  3 
CONCLUSIONS 

The  considerable  theoretical,  analytical,  literature  review,  computer  data 
processing,  and  conceptual  design  effort  described  in  this  report  has  resulted  in  the 
determination  of  the  most  severe  environment  constraints  Imposed  upon  a crewman, 
the  development  of  a crewman  retention  system  concept,  and  the  selection  of  various 
protective  devices  for  his  protection  against  high  speed  escape  through  the  (100  luiot 
speed  range  in  open  escape  seats. 

From  careful  review  of  the  literature  presented  by  reference  (8),  the  Naval 
Safety  Center  calendar  year  publication  "Emergency  Airborne  Escape  Summary"; 
reference  (9),  Rico,  E.V.,  and  E.H.  Nlnow  "Man-Machine  Interfacej  A Study  of 
Injuries  Incurred  During  Ejection  from  U.S.  Navy  Aircraft";  reference  (6),  Ad- 
visory Group  for  Aerospace  Research  and  Development  "AGARD  Conference  PiX)- 
ceedlngs  No.  134  on  Escape  Problems  and  Maneuvers  in  Combat  Aircraft",  specifi- 
cally papers  (Al)  and  (A4);  and  reference  (7)  "AGARD  Conference  Proceedings  No. 

170  on  Blodynamlc  Response  to  Wlndblast",  it  can  be  firmly  stated  that  a real -wo  rid 
problem  exists  in  that  crewman  are  being  Injured  and  survival  equipment  is  being 
damaged  during  high  speed  ejections.  Positive  action  must  be  taken  to  develop, 
qualify,  and  incorporate  protective  devices  for  the  crewman  population. 

From  careful  examination  of  the  work  conducted  during  this  prograni  the  follow- 
ing is  concluded. 

(a)  Regarding  Base  Line  Conditions  and  Configurations  (Section  2. 1) 

The  existing  Martin-Baker  MK-GRU7  typo  ejection  seat  was  used  as  a datum 
ejection  seat  system,  and  eight  different  crewman  positions  and/or  percentiles  were 
used  to  examine  the  minimum  number  of  worst  configurations  for  analysis.  Grumman 
computer  programs  were  exercised  to  match  the  actual  ejection  test  data.  The  data 
generate<l  by  the  many  figures  Included  in  this  report  show  the  validity  of  the  output. 
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(b)  Regarding  Design  Constraints  (Section  2. 2) 

Table  8 presents  the  maximum  restraint  forces  required  to  restrain  the  crew- 
man's head  and  extremities  from  flailing  due  to  wlndblaat  and  acceleration  forces  de- 
veloped during  a 600  KEAS  ejection  with  the  datum  seat.  These  forces  can  be  easily 
overcome  by  the  crewman  restraint  system  concept  presented  by  Figures  9 and  11  of 
this  report.  The  additional  protective  devices  listed  In  Figure  68  will  reduce  the 
severity  of  the  restraint  requirements  In  accordance  with  the  specific  designs  purpose. 

(ci  Regarding  Wlndblaat  (Section  2,2) 

Regardless  of  what  type  of  existing  open  ejection  seat  system  la  being  used,  the 
severity  of  wlndblaat  forces  during  the  Initial  ride  up  the  guide  tracks  and  Immediately 
following  aircraft  separation  are  the  greatest  forces  encountered  which  will  contribute 
to  direct  pressure  injury  to  an  unprotected  face,  survival  equipment  damage,  and 
flail  injury  to  the  head  and  extremities. 

Figure  20  lists  the  maximum  pounds  per  square  foot  on  each  segment  of  the 
crewman's  body,  and  Table  Q lists  the  maximum  force  on  each  body  member  due  to 
wlndblast  effects  at  600  knots  sea  level. 

Figures  51  and  68,  right  arm  out  horizontally  to  the  side  and  right  leg  out  00 
degrees  to  the  side  respectively.  Indicate  very  vividly  by  the  data  on  these  flail  con- 
ditions the  enormous  Instability  of  the  seat/man  configuration  during  a 600  KEAS 
ejection  with  the  potential  failure  of  the  escape  system. 

Reference  (7),  "AGARD  Conference  Proceedings  No.  170  on  Blodynamlc  Re- 
sponse to  Wlndblast",  documents  the  loss  of  a crewman  helmet,  attributed  to  the 
areo^iynamic  lifting  moment  of  some  460  pounds  at  600  knots,  which  will  cause  severe 
head  and  neck  Injuries,  'ITiia  reference  also  points  out  tiie  significant,  and  even  fatal 
damage  that  can  occur  to  an  unprotected  face  and  on  unsupported  or  restrained  head 
or  extremities. 

Table  9,  which  lists  damage  to  the  crewman's  garments  and  survival  equip- 
ment, vividly  reflects  the  fact  that  even  though  tiio  overhead  canopy  is  Jettlsonned 
prior  to  ejection,  (as  on  the  F-14  aircraft)  tliere  Is  damage  to  or  loss  of  otiulpment. 

It  appears  thujt  wlndblast  forces  can  severely  flutter  loose  materials  to  Initiate  a 
failure.  'I’hlH  indicates  that  multiple  add-on  systems  like  life  preservers,  survival 
vests,  kneo  boards,  personnel  armor,  oxygon/communlcatlon  lines , chest  mounted 
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oxygen  regulators,  oxygen  masks,  restraint  harnesses,  anti-exposure  suits,  flight 
suits,  helmets,  etc.  should  be  Integrated  to  the  greatest  practicable  degree.  Figure 
11  depicts  a conceptual  approach. 

(d)  Regarding  Acceleration  Forces  (Section  2. 2) 

Acceleration  forces  must  be  looked  at  In  two  ways.  If  the  force  Is  linear,  as 
during  the  Initial  guided  travel  and  a stabilized  deceleration,  the  foroe/tlme  curve 
can  be  easily  accommodated  within  human  tolerance  for  a 600  KEAS  ejection.  If  the 
acceleration  forces  Include  rotational  forces,  due  to  the  seat/man  configuration  seek- 
ing Its  trim  position,  or  to  ext.remlty  flailing,  or  to  stabilization  system  deployment 
seat  trimming,  or  to  excessive  steering  requirements  Imposed  on  a Thrust  Vector 
Control  System,  then  these  forces  can  become  large  enough  to  Injure  the  crewman  If 
he  Is  not  adequately  protected.  Figures  21,  22,  23,  29,  and  30  are  typical  exan^ples 
of  the  acceleration  forces  Imposed  upon  the  head,  lower  leg,  upper  leg,  upper  arm, 
and  lower  arm  respectively.  It  should  be  noted  that  the  maximum  acceleration  occurs 
during  the  period  of  drogue  deployment  for  seat  stabilization  and  deceleration. 

(e)  Regarding  Thermal  Conditions  Section  2.2) 

There  Is  no  Indication  based  on  ejection  history,  tests,  or  theoretical  analysis 
that  crewmen  will  be  subjected  to  thermal  Injury  during  a 1220  P,  S,  F.  open  seat 
ejection  between  sea  level  and  45K  feet.  Figures  13  and  14  plot  long  term  tempera- 
ture exposures  which  appear  to  be  In  the  order  of  300  degrees  F at  45K  feet  for  a 
sustained  GOO  KEAS  velocity.  This  of  course  Is  unrealistic  since  the  seat/man  con- 
figuration Immediately  decelerates.  Reference  (6),  Report  No.  AMRL-TR-70-2 
"The  Heat  IhAlso  Associated  with  Escape  from  an  Aircraft  at  Supersonic  Speed", 
shows  that  thermal  Injury  will  not  be  a problem  at  an  ejection  q of  1220  P.S.  F. 

(f)  Regarding  Survival  Equipment  and  Parauhute  Damage  (Section  2.5) 

The  MK-GRU7  datum  seat  system  reveals  by  the  data  In  Table  9 that  througli-the- 
canopy  ejections,  and  ejection  velocities  of  43B  KEAS  and  above  result  in  more  ixi- 
tcntlal  damage  to  the  survival  equipment  and  parachutes.  None  of  this  damage  or 
loss  of  equipment  appears  to  have  contributed  to  loss  of  ejection  system  performance; 
however,  the  data  presented  In  references  0 and  7,  AGARD  Conference  Proceedings 
No.  131  and  170  respectively,  Indicate  that  these  effects  could  contribute  to  sufficient 
crewman  injury  to  prevent  post-ejection  survival  from  all  hostile  environments. 
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(g)  Regarding  Human  Tolerance  to  Acceleration  Forces  (Section  2.2) 

Figures  (1),  (2),  (3),  and  (4)  of  Appendix  A,  "Physiologioal  Tolerance  to  Ac- 
celeration and  Deceleration  Forces",  define  an  update  of  the  transverse,  lateral, 
positive  vertical,  and  negative  vertical  g tolerance  levels  lor  crewmen.  These  toler- 
ances will  not  be  exceeded  with  a properly  ejected,  stabilized,  decelerated,  and  para- 
chute recovered  crewman  ejection  system. 

(h)  Regarding  Protection  Methods  and  Techniques  Investigated  (Section  2.3  and  2. 4} 

Figure  62  is  an  Evaluation  Matrix  that  lists  and  evaluates  each  appropriate 

Method  and  Technique  for  selection  of  consideration.  Figure  63  takes  the  selected 
items  and  shows  where  they  apply  in  regard  to  the  restraint  system  as  well  as  for 
the  additional  protective  devices. 

These  additional  protective  devices  for  Improvement  of  crewmen  protection 
are  discussed  In  Section  2, 8,  Listed  below  are  their  main  contributions. 

"Inflatable  Support"  for  repositioning  of  the  thighs,  "Foetal  Positioning",  "46 
Degree  Ejection  Angle",  and  "Afterbody"  are  all  systems  that  contribute  to  initial 
reduction  of  drag  deceleration. 

A "Full  Face  Helmet",  "Foetal  Positioning",  "45  Degree  Ejection  Angle",  and 
"Windscreen"  are  all  systems  that  contribute  to  reduction  of  windblast  damage. 

A "Thrust  Vector  Control"  and  a new  conceptual  approach  for  "D.  A.R.  T. " are 
both  systems  to  contribute  to  seat/man  stabilization  through  the  Initial  phase  of  exiting 
the  aircraft,  A "Modulated  Drogue"  and  "Afterbody"  ore  both  systems  for  seat/mnn 
stabilization  throughout  the  entire  trajectory  to  main  parachute  deployment  provided 
they  are  initially  deployed  to  prevent  erratic  seat  movement  at  aircraft  separation, 

A "Modulated  Drogue",  anew  conceptual  approach  for  "Ballistic  Spreader", 
"Reefing",  and  "Aero- Conical"  are  all  systems  that  contribute  to  reduction  of  para- 
chute opening  shocks  on  the  crewman. 

(1)  Regarding  Selection  of  Crewman  Retention  System  (Section  2,7) 

The  best  approach  is  considered  to  be  the  one  that  positively  positions  and  holds 
the  entire  crewman's  body  to  the  ejection  seat  in  n manner  that  will  afford  crewman 
protection  against  all  environmental  stresses  and  yet  will  not  require  the  crewman 
to  perform  any  unusual  additional  preflight  or  postflight  operations. 
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flRure  i)  depicts  Uie  concept  of  Uie  retention  sysUiin,  and  i i^urt  i I mIuiws  u 
ooncepted  integrated  mission/survival  garment  system. 

Figure  63,  "Matrix  for  Selection  of  Crewman  Retention  System  lukI  im  . locti  vc 
Devices",  substantiates  the  design  concept  selection. 

Table  8 lists  the  maximum  restraint  forces  required  to  hold  the  crewman's  ex- 
tremities to  the  seat  during  a 1220  P.S,  F.  ejection. 
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Section  4 


RECOMMENDATIONS 


Based  on  the  work  conducted  and  the  conoluslons  reported,  the  i'oUowlnt;  retom  - 
mondations  are  made  for  providing  the  crewman  with  a retention  system,  and  addi- 
tional protective  devices  for  his  protection  against  high  speed  escape  through  tliu  cao 
knot  speed  range  In  open  escape  seats.  Note  that  the  recommendations  ..that*  deal  witli 
the  category  of  additional  protective  devices  do  not  necessarily  apply  for  all  escape 
systems.  Each  recommendation  must  be  analyzed  fo-r its  ability,  i'lrst  to  bo  com- 
patible, and  then  to  contribute  to  the  improvement  of  the  particular  escape  system  in 
question. 

a)  Develop  the  .".Integrated  Mission/Survival  Garment  System"  concept  depleted 
by  Figure  li,  and  discussed  in  Section  2. 7.  This  garment  will  act  as  the 
foundation  for  part  of  die  protective  devices  and  will  eliminate  windblast 
damage  to  the  crewman  and  hie  equipment.  Special  effort  should  be  made  to 
eliminate,  redesign,  and/dr  relocate  all  the  survival  equipment  presently 
worn  or  supported  by  the  crevvman  so  os  not  to  enciunber  him  wltli  hoiu^', 
bulky  uncomfortable,  and  tiring  equipment  that  presently  contributes  to  the 
deterioration  of  his  mission  performance. 

b)  Develop  the  "Head,  Arm,  and  Leg  Retention  System"  concept  depicted  by 
Figure  9,  and  described  in  Section  2.7.  This  concept  positively  pt-slUons 
and  restrains  the  crewman  wlthoul  additional  crewman  opcrtiUons. 

c)  Develop  the  "Full  Face  Helmut",  described  in  Section  2. 8 primarily  to 
eliminate  wlndbiast  and  aerodynamic  Hit  forces. 

d)  Develop  tho  "Inflatable  Support",  described  in  Section  2.8,  primarily  to  pro- 
vide foot/floor  clearance,  and  reduce  frontal  drag, 

e)  Consider  "Foetal  PoBltlonl'’g",  descx'lbed  in  Section  2,3,  for  new  high  q 
escape  systems. 

f)  Consider  "45  Degree  Ejection  Angle",  described  in  Section  2.4,  lor  nesv 
high  q and/or  high  acceleration  cockpit  escape  system  x'equlromenUs. 

g)  Consider  the  "Vvlndscreen"  concept,  described  in  Section  2,  I,  for  now  air- 
craft where  the  device  can  be  cost  effective  for  inipxxxvlng  xnalntennnco  in  thni 
area  of  the  aircraft. 

h)  Develop  ihe  "Modulated  Drogue"  concept,  described  in  Section  2.4,  for  those 
present  escape  systenis  that  are  Bubjectlng  the  crewman  to  unnecessarily 
high  decelex'atlon  and  opening  shock  forces. 
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i)  Develop  and  evaluate  by  test  die  feasibility  of  the  aerodynamic  "Afterbody" 
concept,  described  In  Section  2. 4,  for  potential  use  on  existing  and  now 
high  If  escape  systems. 

J).  Continue  the  development  of  "Thrust  Vector  Control",  described  in  Section 
, 2.4,  for  application  on  new  technology  seats,  such  as  NADC's  Maximum 
Performance  Escape  System,  the  Air  Force's  Advanced  Concept  Escape 
System,  etc. 

k)  Consider  the  incorporation  of  a new  conceptual  approach  for  "D.A.H.T.", 
described  in  Section  2, 4,  on  those  escape  systems  that  show  violent  in- 
stability on  aircraft  separation. 

l)  Consider  the  incorporation  of  a new  conceptual  approach  for  the  "Hallistlo 
Parachute  Spreader",  described  In  Section  2.4,  on  those  escape  systems 
that  require  bettor  low  speed  main  parachute  opening  characteristics  as  well 
as  high  speed  opening  shook  reduction. 

m) Conslder  "Reefing"  techniques,  for  reducing  explosive  parachute  opening, 
for  those  escape  systems  timt  are  subjecting  the  crewman  to  unnecessary 
deceleration  and/or  parachute  opening  forces. 

n)  l>urBU0  the  Investigation  of  the  "Aero-Conioal",  or  other  main  parachute 
concepts  that  will  reduce  the  opening  and  deceleration  forces  on  the  crewman. 

0)  Ijlevlew  existing  and  proposed  escape  systems  for  the  addition  of  fixed  or 
erectable  structural  support  for  the  crewman's  head  and  legs. 


Figure  2 Datum  Seat/Step-Into  Lower  Leg  Restraint 


Figure  5 Datum  Seat/Froniai  Area  Reduction  & Foo*  Floor  Ciei 


1 7 Datum  Seat/Pow«r  Ratiaction  - Arms  and  Thighs 


POWERED  TORSO  RETRACTION 
INERTIA  REEL  DEVICE  >. 


Figure  8 Datum  Seat/Poweied  - Head.  Tot».  Amu.  Upper  Legs  Restraint 


NEW  PARTIAL  PRESSURE  SUIT  TYPE 
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Figure  12  q Reouction  Belund  Raised  WindKfaen  On  C.P.  of  Man  Off  Ejectian  Raib 


14  MXh  No^Ahitade/Tefii(pera1ure/q 


FULLY  RESTRAINED  - EJECTING 
SEAT  STILL  IN  GUIDED  TRAVEL 


Figure  16  Datum  Seat/Datum  Concepts  for  3 to  1 Mechanical  Restraint  Retraction 


Atxeteration  Fofces/600  KTS.  Sea  Level  Ccnfig^^'atiofl  2 


Figure  22  LWR.  Leg  Acceleretion  Fotees/600  KsSea  Level Coniiguretion  2 


Acceleration  Foroes/600  KTS  Sea  Level  Coe:  n<ratior> 


Figure  25  Head  Wind  Blast  Forces/600  KT5  Sea  Level  Configuration  2 


l^Wind  Blast  Fofcei/600  KTS  Sea  Level  Confivii 


upper  Leg  Wind  Siatt  forcesfSOO  KTS  Sea  Level  Configurati< 


Forcrs/600  KT5  Sea  Level  Configuration  2 


ACCELERATION 
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Figure  30  Lower  Arm  Foroes/600  KTS.  Sea  Level  Configuration  2 


500 


Acceleration  Foroes/1365  KT5  45K  Ft.  Configurzt: 


136S  KT5. 45K  FT.  Attitude  Configuration  2 


Figure  33  Hand  Forces^GOO  KTS.  Sea  Level  Configuration  2 


Figure  34  Head  Force  Comparisoa  For  1220  P.S.F./Sea  Level  & 4SK  Ft.  Configui 
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WINDBLAST 


KTS  Sea  Level  Configuration  1 


WINOBLAST 


Forces/600  KTS.  Sea  Level  Configuration  2 


Figure  45  Aerodynamic  Data  (Seat/Man  Aero  Coeff)  (Sheet  1 of  6) 


SEAT/MAN 


Figure  45  Aerodynamic  Data  (SeatyMan  Aero  Coeffl  (SheetZof6) 


SEAT/MAN  AERO  COEFF  EXTRAP  TO  2.5 


Figure  45  Aerodynamic  Data  (Seat/Man  Jkero  Coeff)  (Sheet  3 oi 


SEAT/MAN  AERO  COEFF  EXTRA?  TO  2-5 


Figure  45  Aerodynanuc  Data  (Seat/Man  AeroCoeff)  (Sheet  5 of  6 
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Figure  47  Computer  Run  - 600  KTS  S.L.  MK-(3RU7  Ty 
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Fiflure  49  Computer  Run  • 43B  KTS.  S.  t.  MK-QRU7  Type  Seet  (Sheet  4 of  9) 
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Figurt  BO  Computar  Run  - 600  KTS.  S.L.  With  Two  Staga  Drogua  (Shaat  1 of  10) 


N ADC-7611940 


X SEAT/MAN  FT. 


Figure  60  Computer  Run  - 600  KTS.  S.L.  With  Two  Stage  Drogue  (Sheet  9 of  10) 
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Fltur*  62  Computsr  Run  - 600  KTS.  8.L.  MK-QRU7  TypaSaat  Conflguritlon  6 (Shatt  6 of  6) 
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Figure  83  Computer  Run  — 600  KTS,  S.L.  MK-GRU7  Type  Seat  Conflguretlon  7 (Sheet  6 of  6) 
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PiBure  B3  Computtr  Run  - 600  KTS.  S.L.  MK  QRU7  Typ«  Snt  Configuration  7 (Sheet  6 of  6) 
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Figure  59  Computer  Run  - 600  KTS  Sea  Level  MK-QRU7  Type  Seat  46  Degree  Ejection  Angle  (Sheet  3 of  9) 
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Figura  S0  Computtr  Run  • 600  KTS  Su  Ltvtl  MK-QRU?  Typ*  Sait  46  Dagrat  Eiaotlon  Angla  (ShHt  4 of  0) 
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Figurt  60  Computer  Run  - 600  Kti.  S.L.  MK-Oru  7 Type  Seat  Configuritton  8 (Shoal  6 of  6) 
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NOTE:  VELOCITY  DATA  TAKEN  FROM  FIGURES47,  62,63, 
AND  60  FOR  COMPARISON 


Figure  61  Computer  Run  - 600  KTS  S.L.  MK-ORU7  Type  Seet 

Seet/Men  Velocity  Comperiion  for  Configuretloiti  2,  6,  7 (h  3 
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Table  2 Configuration  2 (Hands  on  Alternate  Firing  Hamttei  98  Percentile  Man  Model  Surface  Data  (Sheet  1 of  3) 


NADC-7611940 


Tables  Configuration  3 (Hands  on  Thi^s)  96  Pensentile  Man  Model  Surface  Data  (Sheet  2 of  3) 


196 


NAD&76119-40 


Tabli  4 Waight  - Location  - Configuration  98  Parcantile  Man  Modal  Body  Parta 


i CONFIGURATION 

1 

2 

3 

BODY  PART 

WEIGHT 

X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 

HEAD 

20 

-t-9.6 

B 

-32 

+6.6 

B 

-32 

+9.5 

B 

-32 

TRUNK-NECK 

132 

+6 

B 

-16 

+6 

0 

-16 

+5 

B 

-16 

UPPER  ARM  - RIGHT 

■B 

+8.6 

+8 

-16.6 

+7 

+6 

-16 

+5.5 

+10 

-17 

UPPER  ARM  - LEFT 

■1 

+8.5 

-8 

-16.6 

+7 

-9 

-16 

+5,5 

-10 

-17 

LOWER  ARM  - RIGHT 

4.8 

+12 

+6.B 

«12 

I 

B 

+8.5 

+10.5 

-8 

LOWER  ARM  - LEFT 

4.8 

+12 

-6.8 

1 

-12 

! 

-8.5 

■ 

+8,5 

-10.5 

-8 

HAND -RIGHT 

■ 1,8 

+18 

+1.6 

-20.5 

+18 

+3.5 

-3.5 

+17,5 

+8 

-2 

HAND  - LEFT 

1.8 

+18 

-1.5 

-20,6 

1 

+18 

-3.5 

-3.5 

+17,5 

-8 

-2 

UPPER  LEG  - RIGHT 

24.3 

+13 

+5 

+1 

+13 

+5 

+1 

+13 

+5 

+1 

UPPER  LEG  - LEFT 

24.3 

+13 

-5 

+1 

+13 

-5 

+1 

+13 

-5 

+ 1 

1 

LOWER  LEG  - RIGHT 

10.9 

+20,5 

+5.5 

+12 

+20.5 

+5.5 

+ 12 

+20.5 

+5.5 

+ 12 

LOWER  LEG  - LEFT 

10.9 

+20.5 

-6.5 

+ 12 

+20.5 

-5.5 

+12 

+20.5 

-5.5 

+12 

FOOT  - RIGHT 

e 

+20,5 

+6 

+25.5 

+20.5 

+ 6 

+25.5 

1 

+20.5 

+5 

+25.5 

FOOT  - LEFT 

6 

1 

+26.5 

-6 

+25.5 

+20,5 

-6 

+26.5 

+20.5 

-6 

+25.5 

CONFIGURATIONS  1,2  3 
SEAT  - MAN 

C.G.  LOCATIONS  - INCHES 

CONFIGURATIONS 

XSMCG  * +5.6  IN. 
YSMCG  - 0.0  IN. 
Z5MCG  • -0.5  IN. 

1 - HANDS  ON  FACE  CURTAIN 

2 - HANDS  ON  ALTERNATE  FIRING  HANDLE 

3 - HANDS  ON  THIGHS 

NADC-7611940 


Tibia  6 Point  Looatloni  98  Parcsntila  Man  Model 


DISTANCE  FROM  N.S.R.P, 


8 BASE  SKULL  ON  SPINE 


NEUTRAL  SEAT 
REF  POINT  (N.S.R.P.) 


DIRECTION 


N.S.R.P. 


POINTS 
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TabI*  6 Maximum  Body  Wind  Blatt  Forces  600  Kts  - Sea  Level  - Configuration  2 


RESULTANT 

X-FORCE 

Z-FORCE 

MEMBER 

TIME-SEC 

FORCE-LB 

TIME-SEC 

COMP 

TIME-SEC 

COMP 

—HEAD-- 

0.35300 

613.042 

0.34600 

611.133 

0.60299 

>266.631 

R-UP-ARM 

0.36800 

309.46B 

0.36800 

300.266 

0.36800 

-74.866 

R-LW-ARM 

0.27B00 

279.238 

0.27800 

183.198 

0.27800 

210.743 

-R-HAND- 

0.27BO0 

306.06f 

0.27800 

272.702 

0.27800 

138.949 

R-UP-LEG 

0.61099 

872.497 

0.61099 

385.633 

0.61099 

-782.697 

R-LW-LEG 

0.27800 

845.464 

0.27800 

820.340 

0.27800 

204.633 

-R-FOOT- 

1.05006 

263.117 

0.27800 

87.927 

1.05096 

264.161 

L-UP-ARM 

0.36800 

309.468 

0.36800 

300.266 

0.36800 

-74.866 

L-LW-ARM 

0.27800 

279.238 

0.27800 

183.196 

0.27800 

210.743 

--L-HAND- 

0.27800 

306.061 

0.27800 

272.702 

0.27800 

138.949 

L-- UP-LEG 

0.61009 

872.497 

0.61099 

385.533 

0.51099 

-782.697 

L-LW-LEG 

0.27800 

845.464 

0.27800 

820.340 

0.27800 

204.533 

-L-FOOT- 

1 .06096 

263.117 

0.27800 

87,927 

1 .06096 

264.151 

- TORSO  - 

0.36300 

1611.669 

0.36300 

1606.067 

0.39100 

- 166.820 

Z 


NAOC-76119-40 


Table  7 Max.  Surface  Preetures  and  Force*  600  Kti.  S.L.  Configuration  2 


PRESSURE- 

NORM 

TIME-SEC 

PANELS 

PSF 

VEL-FPS 

0.B1799 

1.00 

749.04 

793.875 

0.43600 

2.00 

1081.14 

953.765 

0.33800 

3.00 

1155.08 

985.838 

0.27800 

4.00 

880.08 

860.522 

0.33800 

5.00 

1137.24 

978.197 

1.02797 

6.00 

111.80 

306.703 

0.47299 

7.00 

1063.61 

941.542 

1.02098 

8.00 

680.93 

704.631 

0.61099 

9.00 

1015.66 

924.432 

1.01298 

10.00 

693.51 

706.668 

0.51099 

11.00 

1009.02 

621.406 

0.40600 

12.00 

1062.08 

940.858 

0.27800 

13.00 

1181.99 

997.258 

1.02797 

14.00 

6.58 

68.623 

0.51799 

15.00 

989.38 

912.390 

1 .06096 

16.00 

601,41 

711.363 

0.27800 

17.00 

1180.53 

996.638 

0.33800 

18.00 

1137.24 

978.197 

1,02797 

19.00 

111.80 

306.703 

0.47299 

20,00 

1053.61 

941.542 

1 .02098 

21.00 

589.93 

704.531 

0 51099 

22.00 

1016.66 

924.432 

1 01298 

23.00 

593.51 

706.668 

0.51099 

24,00 

1009.02 

921.405 

0.40600 

25,00 

1052.08 

940.858 

0.27800 

26.00 

1181.99 

997.258 

1.02797 

2700 

5.58 

68.623 

0.61799 

28.00 

989.38 

912.390 

1.05096 

29.00 

801.41 

711.353 

0.27800 

30.00 

1180.53 

996.638 

0,39100 

31.00 

1103,32 

903.498 

0.33800 

32.00 

1132,51 

976.159 

TANG 

X-FORCE 

Z-FORCE 

NORM 

VEL-FPS 

COMP- LB 

COMP-LB 

FORCE.-LB 

502.832 

0.0 

-104.033 

104,033 

70,381 

175.194 

-176.194 

247.762 

45.798 

352.940 

-0.000 

352.940 

507,980 

99.397 

99.397 

140.569 

43.507 

347.490 

-0,000 

347,490 

636.457 

-47.100 

4.950 

47.359 

20.523 

172.026 

-236.774 

292.669 

81.329 

-76.180 

163.368 

180.257 

171.499 

84.550 

-209.268 

225.703 

38.014 

-40.757 

125.437 

131.892 

187.543 

276.223 

-719.587 

770.782 

33.767 

139.200 

-80,367 

160.734 

8.853 

820.340 

204.533 

845.454 

701.568 

-3.780 

-0.938 

3.875 

224.932 

74.123 

-221.631 

233.603 

3.062 

-68.100 

254.151 

263.117 

9.175 

87.500 

21.816 

90.179 

43.507 

347,490 

-0.000 

347.490 

636.457 

-47,100 

4,950 

47.359 

20.523 

172,026 

-236,774 

292.669 

81.329 

-76.180 

163.368 

180.257 

171.499 

84.550 

-209.268 

225.703 

38.014 

-40.757 

125,437 

131.892 

187.543 

276.223 

-719.587 

770.782 

33.767 

139.200 

-80.367 

160.734 

8.863 

820.340 

204.533 

845.454 

701.568 

-3.760 

-0.938 

3.875 

224.932 

74,123 

-221.531 

233.603 

3.062 

-68.100 

254,151 

263.117 

9.175 

87,500 

21.816 

90,179 

55.356 

566.963 

-252.429 

620.618 

45.547 

1274,072 

-0.000 

1274.072 
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OPERATIONAL  CONCEPT 
OF  GRIPPER  SYSTEM  ELEMENT 


HALF  BELLOWS  SIDE 


PRESSURE  INPUT  CAUSES  THE  ELEMENT  TO  CURL  AS  SHOWN. 

THE  HALF  BELLOWS  SIDE  ELONGATES  WHILE  THE  FLAT  SIDE  DOES  NOT. 
THIS  UNEQUAL  EXPANSION  FORCES  THE  FLAT  SIDE  TO  CURL  INWARD. 
GRIPPING  FORCE  IS  DEVELOPED  BY  DIAPHRAGM  ACTION  OF  BELLOWS. 


ELEMENI  ACTUATED 


Figure  66  Sweep  and  Grip  Rattraint  (Sheet  2 of  2) 
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DECELERATION  FORCES  <AN  UPDATE  OF  THE  LITERATURE) 


I 


I ; 

■ 1 

s 


I 

I 


1 


A-1 


liiJliljiii  i ljHili'i'f  in  ii'i'*  i i'iiSt'  I 


NADC-7611»40 


SUMMARY 


An  up-to-date  study  of  the  literature  was  conducted  In  order  to  assemble  Into 
one  report  information  and  findings  on  man's  tolerance  to  Q forces.  The  necessity  of 
this  study  resulted  from  the  wide  differences  In  the  data  previously  reported  and  the 
attempt  to  standardize  the  values. 

The  immediate  purpose  of  the  study  was  to  update  the  acceleration  and  deceler- 
ation data  currently  being  used  by  our  Life  Sciences  personnel  and  concerned  design 
engineers,  for  this  study. 
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INTBODUCTION 


The  major  purpose  of  this  report  la  to  present  the  latest  available  Information 
and  findings  on  man's  tolerance  to  Q forces.  This  Is  necessary  because  of  the  differ- 
ences In  the  data  reported  and  as  an  attempt  to  standardize  these  values.  The  practi- 
cal purpose  of  this  study  Is  to  update  the  values  we  are  presently  utilizing  In  the  de- 
sign of  a restraint  system. 

In  this  report,  all  types  of  G a^ipllcatlon  are  reviewed.  Data  which  are  reported 
as  extrapolated  are  specified  as  so.  Actual  test  data  were  obtained  from  centrifuge, 
propelled  sled,  drop  teats  and  ejection  seat  studies. 

Reports  of  both  low  and  high  G onset  rates  are  evaluated  and  corresponding  G 
tolerances  specified.  In  every  Instance  end  points  reached  are  defined  so  as  to  leave 
no  doubt  In  the  reader's  mind  as  to  the  meaning  and  Interpretation  of  the  data, 
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DISCUSSION 

THEORY 

The  range  of  acceleration  environments  is  quite  large  and  human  tolerance  to 
accelerative  and  decelerative  loads  varies  to  a considerable  extent.  Tolerance  to 
these  forces  is  based  on: 

• The  magnitude  of  the  force  applied 

• The  duration  of  applied  force 

• llie  rate  of  onset  and  decline 

• The  direction  of  the  G vector  (relationship  of  the  vector  of  the  force  to  tlie 
axis  of  tlie  body) 

• The  physical  properties  of  the  human  body  which  define  the  response  of  tlie 
Individual  components  of  the  body  to  the  object  which  serves  to  transmit  tlie 
force  to  the  body. 

Acceleration  involves,  essentially,  the  reaction  of  a force  upon  an  object  or 
parts  of  an  object.  Since  tlie  object  may  be  part  of  man's  body,  an  understanding  of 
the  physiological  mechanisms  Involved  is  of  considerable  value. 

Positive  acceleration  (G  forces)  have  three  main  sites  at  which  they  produce 
their  effects:  the  body  as  a whole,  the  viscera  and  the  cardiovascular  system. 

Negative  acceleration,  force  applied  from  foot  to  head,  will  result  in  an  In- 
creased arterial  pressure  at  the  head  level.  Gravitation  in  the  foot  to  head  direction 
will  also  lead  to  eventual  circulatory  distress  if  sufficiently  prolonged. 

Since  the  force  of  transverse  g does  not  interfere  significantly  with  tlie  flow  of 
blood  in  the  body,  man  is  much  more  tolerant  to  transverse  g than  either  positive  or 
negative  g. 

Lateral  acceleration,  G forces  acting  on  the  side  of  a person  perpendicular  to 
the  longitudinal  axis  of  tlie  body  causes  a temporary  displacement  of  the  heart  and 
lungs. 

Man's  tolerance  to  accelerative  and  decelerative  forces  ranges  from  no-lnJm*y 
to  possible  Injury.  Any  force  exceeding  this  tolerance  would  then  result  In  Injury  and 
finally  death.  When  we  discuss  man's  tolerance  to  G we  are  considering  that  G which 
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when  applied  will  not  produce  any  effect  on  the  man  that  will  prevent  him  from  func- 
tioning in  the  vehicle.  Therefore  man's  tolerance  to  G,  as  thus  defined,  Is  consider- 
ably less  than  if  he  were  required  to  tolerate  the  G without  performing  a function, 
with  a guarantee  that  the  effects  would  be  neither  permanent  or  painful. 

Motion  in  the  direction  Is  just  possible  at  the  vehicle  accelerations  designated; 

• Raising  the  arm  above  the  head:  6G 

• Moving  the  head  forward  and  aft,  left  and  right;  4G 

• Raising  the  arm  from  the  armrest:  8G 

• Raising  the  hand  off  the  armrest  control:  26G 

• Raising  the  knee:  3G 

• Moving  the  foot  fore  and  aft;  5G 

• Raising  the  foot;  3G. 

When  considering  the  limitations  above.  It  is  understood  that  tliese  G's  are 
experienced  by  the  man.  It  Is  therefore,  reasonable  to  assume  that  the  vehicle  will 
be  subjected  to  less  than  this  (in  which  case  there  Is  an  over-shoot  on  the  man);  the 
same  as  this  (In  which  case  the  vehicle  and  man  can  be  considered  as  one);  or  more 
than  this  (In  which  case  some  of  the  G is  absorbed  and/or  attenuated  before  It  reaches 
man). 

In  any  case,  these  G's  are  the  motion  limitations.  These  values  are  derived 
from  centrifuge  studies  where  the  vehicle  has  not  been  considered.  It  may  be  tliat 
in  the  vehicle  under  consideration,  triese  motion  limitations  exceed  the  stx-ess  capa- 
bllltj'  of  the  vehicle.  In  which  case  tliey  are  not  of  practical  significance. 

Another  consideration  when  evaluating  the  motion  limitations  Is  perfonnance 
requirements.  Performance  degradation,  among  other  things.  Is  a function  of  G, 
and  may  be  considered  as  directly  proportional.  Man's  ability  to  functionally  per- 
form while  being  subjected  to  G force  is  a more  delicate  consideration  than  motion 
capabilities  under  the  same  stress. 
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lilackout  and  redout  are  common  occurrences  ut  even  low  magnitude  of  acceler- 
ative and/or  deceleratlve  forces.  Incapacitation  In  this  situation  might  well  occur 
before  reaching  man's  motion  limitations.  Therefore  In  conclusion: 
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• Man's  motion  limitations  and  capabilities  are  given  without  regard  to 
vehicle  capabilities 

• It  Is  assumed  that  performance  degradation  will  occur  prior  to  reaching 
some  of  the  motion  limitations 

• Stress  limitations  of  the  vehicle  should  be  considered  before  Imposing  the 
requirements  on  man 

• Physiological  tolerance  to  accelerative  and  deceleratlve  forces  are  based 
on  no-injury  criteria. 

Some  acceleration  exposures  may  be  so  moderate  that  they  have  relatively 
little  or  no  physiological  or  psychological  effects,  or  they  may  become  severe  enough 
to  produce  major  disturbances.  The  emphasis  here  Is  on  physiological  tolerance 
which  could  be  modified  by  sustained  acceleration.  The  unit  for  tlie  physiological  ac- 
celeration is  G,  as  distinguished  from  the  "true"  displacement  acceleration,  gener- 
ally designated  by  aerodynamiclsts  with  the  unit  g.  The  physiological  acceleration 
represents  the  total  reactive  force  divided  by  the  body  mass,  and  Includes  both  dis- 
placement and  resisted  gravitational  acceleration  effects.  The  physiological  axes 
represent  directions  of  the  reactive  displacements  of  organs  and  tissues  with  respect 
to  the  skeleton  system.  The  Z axis  Is  down,  wltli  the  +G  (unit  vectors)  designations 
for  accelerations  causing  the  heart,  etc.  to  displace  downward  (caudally),  Tine  X 
axis  is  front  to  back,  with  the  -(G  designations  for  accelerations  causing  the  heart  to 
be  displaced  back  toward  the  spine  (dorsally).  The  Y axis  is  right  to  left,  with  the 
designations  for  accelerations  causing  the  heart  to  be  displaced  to  the  left, 

Man's  tolerance  to  sustained  positive  acceleration  is  inversely  proportional  to 
G onset.  Studies  show  that  the  duration  at  a particular  G level  Is  significant  and  is  u 
function  of  G onset  rate.  Ihe  G onset  rate  is  in  units  of  G/second  (G/S)  and  is  a mea- 
sure of  the  rate  of  change  of  acceleration.  It  is  the  first  time  derivative  of  accelera- 
tion, the  second  time  derivative  of  velocity,  and  the  third  time  derivative  of  dis- 
placement, The  lower  the  onset  rate,  the  longer  the  time  before  the  end-point  (gray 
out,  black-out,  confusion,  possible  to  a point  of  unconeclousness)  is  reached  or  the 
longer  the  duration  of  the  max  G endured  with  less  serious  consequences. 

In  searching  for  data  concerning  the  physiological  limits  to  acceleration  for 
short  pulse  periods  of  less  than  .1  second,  the  literature  yields  data  that  ore  for 
longer  periods  of  lime  and  in  some  cases  extrapolated  from  existing  data.  The  data 
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consist  mainly  of  subjective  symptoms  experienced  as  a result  of  acceleration  and  so 
as  not  to  exceed  the  voluntary  human  tolerance  level,  these  subjective  symptoms 
served  as  the  end-point  for  Q determination.  Investigators  In  most  cases  went  one 
step  further  and  extrapolated  data  to  determine  ultimate  physiological  limits  and  con- 
cluded that  oh  the  basis  of  subjective  symptoms  If  G's  were  Increased  or  prolonged, 
further  physiological  damage  would  result.  They  also  concluded  that  for  the  same 
magnitude  of  G's  or  of  greater  magnitude,  O's  could  be  better  tolerated  for  shorter 
periods  of  time. 

In  order  to  obtain  physiological  limits  which  will  be  universally  acceptable  re- 
garding a "no-lnjury",  "Injury",  and  "fatal"  zone  caused  by  accelerative  forces  In  all 
planes.  It  Is  desirable  that  some  standardization  be  Introduced  with  regard  to  subject 
groups,  units  of  measurement,  fixed  values  of  forces  not  unHer  Investigation,  and 
methods  of  experimental  measurement. 

EQUIPMENT 

Among  the  Instruments  available  to  create  and  thus  measure  the  amount  of  G 
force  applied  or.  the  body  are  the  human  centrifuge,  drop  tower  and  the  accelerometer. 
The  former  Is  also  used  to  test  human  tolerance  to  various  magnitudes  and  duration 
of  G forces  and  Is  equipped  to  record  various  significant  physiological  changes  pi'o- 
duced  on  a body  subjected  to  acceleratory  forces. 

• 'I’he  Human  Centrifuge;  consists  of  an  arm  which  rotates  about  a central 
^Int  like  a spoke  on  a wagon  wheel.  Usually  an  operator  sits  at  what  corre- 
sponds to  the  hub  of  the  wheel.  A modified  alrcroft  cockpit  is  mounted  at 
the  peripheral  end  of  the  "spoke".  The  subject  sits  In  the  cockpit  and  Is  m- 
tated  during  the  experiment.  The  human  centrifuge  Is  elaborately  equipped 
with  recording  devices  so  that  necessary  data  can  be  obtained.  Some  of  tlie 
factors  which  arc  measured  are:  number  of  G's  applied,  duration,  electro- 
cardiogram, heart  rate,  respiratory  rate,  loss  of  peripheral  vision,  loss  of 
central  vision  (black-out)  and  unconsciousness.  Tlie  record  which  1s  obtained 
shows  all  data  on  a single  sheet  of  paper,  along  with  calibrations,  at  0. 5 
second  Intervals,  for  ease  of  Interpreting  and  comparing,  simultaneously, 
one  reaction  with  another, 

• The  Accelerometer:  consists  of  a fully  movable  weight  which  stretches  a 
spring  Inside  a cylinder.  The  position  which  tlie  weight  assumes  through  tlie 
force  of  gravity  Is  marked  as  1 G.  By  using  multiples  of  the  weight,  which 
Is  attached  to  the  spring,  the  scale  Is  marked  off  In  G units.  If  this  Instni- 
ment  iH  suddenly  moved  or  rotated,  the  force  stretches  tl\e  spring  and  the 
accclorbmetor  measures  the  acceleration  directly  in  G units,  l)ue  to  Inertia, 
the  weight  moves  In  a direction  opposite  to  that  of  the  force. 
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• The  Drop  Tower;  Is  specifically  designed  to  be  45  feet  high.  It  has  a max- 
Imum  specimen  size  of  6X6  feet.  The  tower  is  designed  for  a maximum 
weight  loading  of  40,000  pounds.  The  carriage  and  specimen  Is  not  to  exceed 
1, 000  pounds  which  would  give  a maximum  of  40, 000  pounds  \inder  a 40G 
loading.  The  test  platform  has  a velocity  of  42  feet  per  second. 

In  any  experiment  on  acceleration  forces,  a limited  number  of  variables  will  be 
under  investigation.  In  order  to  obtain  comparability  between  experiments.  It  Is  de- 
sirable that  such  non-experlmental  variables  be  set  at  standard  values.  The  values 
to  be  Included  are:  the  amount  of  force  Input  required  for  the  experiment  to  be  constant 
for  all  tests;  the  drop  height  as  an  Integral  portion  of  the  force  Input,  requiring,  a 
given  height  and  hydraulic  pressure  to  produce  the  desired  G's  and  the  time  duration 
or  pulse  for  G application  must  be  constant  for  all  tests.  This  Is  also  known  as  ex- 
posure time. 

There  Is,  at  present,  a diversity  in  the  experimental  techniques  used  in  re- 
search on  acceleration  forces.  This  not  only  requires  that  each  experimenter  re- 
ports a detailed  description  of  his  testing  procedure,  but  makes  valid  comparisons 
with  physiological  values  extremely  difficult  and  in  most  cases  virtually  Impossible. 
The  use  of  a smaller  number  of  proven  measuring  techniques  would  aid  greatly  In 
systematizing  the  data  on  accelerative  forces. 

Although  It  Is  agreed  that  such  standardization  of  techniques  and  data  would  be 
desirable,  there  are,  at  present.  Insufficient  data  about  the  possible  methods  to  jus- 
tify a choice  among  them.  Experlmentors  In  this  field  are,  therefore,  encouraged  to 
carry  out  methodical  studies,  and  also  to  present  all  data  which  might  aid  In  evalit- 
atlng  their  experimental  technique  and  data.  It  Is  hoped  that  In  the  future  some  stan- 
dardization of  experimental  techniques  as  well  as  acceleration  tolerances,  can  be 
achieved  In  this  field.  Basically,  these  techniques  would  Include: 

e Adequate  sample  size 

• Hepllcatlon  of  conditions 

• Measure  of  dispersion  around  critical  tendency. 

OBSERVATIONS  AND  RESULTS 

'I'he  data  points  obtained  from  the  literature  together  with  those  obtained  from 
In-houBc  studies,  which  covered  a period  of  time  from  1946  to  present,  were  plotted, 
'I'ho  data  points  were  designated  as  type,  and  plotted  against  time  and  In  relation  to 
rate  of  unset.  'Ihe  symbology  on  Figures  1,2,3,  and  4 is  self-explanatory. 
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A computer  program  was  then  specified  to  perform  a Polynomial  Regression 
Analysis  for  first  and  second  degree  polynomials,  in  order  to  determine  the  "best- 
fit"  curve  for  the  data  points  plotted. 

Figures  1,  2,  3,  and  4 present  the  many  data  points  plotted  and  the  "best-fit" 
curve  based  on  the  computer  program. 
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APPENDIX  B 

PHYSIOLOGICAL  ASPECTS  OF  WIND  DRAG  DECELERATION 

The  following  remarks  are  intended  to  provide  background  Infomation  about 
physiological  aspects  of  aircraft  ejection,  'rhls  report  deals  with  wind  blast  deceler- 
ation. 

An  ejection  scat  leaves  the  vehicle  cockpit  at  a forward  speed  equal  to  tiiat  of 
the  aircraft.  Entrance  Into  the  stationary  air  of  the  slipstream  results  In  extremely 
rapid  deceleration  due  to  wind  drag.  The  levels  and  characteristics  of  tills  decelera- 
tion (assuming  a stable  system)  depends  on: 

• Air  density 

• Equivalent  airspeed 

• Combined  mass  of  man  and  seat 

• The  effective  cross-sectional  area  exposed,  and 

• The  drag  coefficient  of  man  and  seat. 

Current  knowledge  of  human  tolerance  to  dcceleratlve  forces  Is  based  primarily 
on  Interpretation  of  results  from  rocket  sleds  and  special  restraint  systems  or  Inves- 
tigations of  accidents  Involving  Impact  or  unusual  hlgh-g  ejections  from  high  - perfor- 
mance aircraft. 

Wind-drag  deceleration  poses  one  of  the  most  formidable  problems  In  high 
spoed/hlgh  altlUide  escape.  This  Is  because  of  toe  Increased  probability  of  a fatality 
resulting  from  the  unusually  long  duration  of  hlgh-g  forces.  Indeed,  the  Individual 
may  be  required  to  withstand  an  extremely  hlgh-g  load  for  10  or  20  times  as  long  as 
he  would  as  a result  of  ordinary  crash  deceleration.  Duration  of  g-force  has  been  em- 
phasized In  evaluation  of  toe  time-force  Injury  spectrum.  Tissue  damage  under  these 
condltlonH  Is  produced  very  rapidly  as  a result  of  hydraulic  displacement  of  body  flu- 
ids. The  hlgh-g  hydraulic  effect  occurs  subsequent  to  a Intent  period  of  0.2  seconds; 
blood  vessels  rupture  and  cell  membranes  are  damaged.  No  blood  shifts  occur  when 
exposure  Is  less  than  1.0  secoiKl,  altoough  locallzcxl  pressures  and  displacement  of 
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tissues  can  result  In  definite  pathology. 

Selection  of  reasonable  design  oriteria  when  deceleration  is  a consideration,  Is 
complicated  by  the  many  factors  that  Interact  to  determine  human  tolerances.  The 
list  includes ; 

• Direction  of  application  of  input 

• Magnitude  of  input 

• Duration  of  Input 

• Rate  of  onset 

• Orientation  of  the  body,  and 

• Characteristics  of  the  restraint  system. 

If  an  ejection  seat  leaves  an  aircraft  at  9(P  to  the  long-axis  of  tl\e  vehicle,  the 
man  will  be  exposed  to  on-axis  g- loads  in  the  transverse  plane  (rt  Gx).  Studies  of  hu- 
man tolerance  In  the  transverse  plane  have  been  made  with  a short-track  deceleration 
device  that  can  produce  loads  ranging  from  15  to  25g  with  a rate  of  onset  ranging  from 
400  to  1000  G/second.  Subjects  participating  in  these  experiments  were  uninjured  in 
the  physical  sense  but  did  suffer  certain  transient  symptoms  of  physiological  changes 
as  outlined  below; 

• Shock;  Blood  pressure  dropped  subsequent  to  15-20g  (;!:  Gx)  runs  with  500 
G/sec  rate  of  onset, 

• Bradycardia;  There  was  a slight  slowing  of  heart  rate  (bradycardia)  follow- 
ing  a 16g  peak.  This  response  is  related  to  activity  of  the  vagus  nerve. 
Greater  slowing  of  heart  rate  occurred  with  Increased  deceleratlve  g-loads, 

• Transient  Neurological  Changes;  Application  of  20g  peak  (400-800  G/sec. 
rates  of  onset)  causes  the  subject  to  appear  to  be  stunned  for  10  to  15  seconds. 
Also  the  wave  patterns  are  abnormally  slow  (measured  by  an  electroencephal- 
ogram) for  several  minutes  following  26g  at  1000  G/second  rate  of  onset, 
Additional  transient  neurological  changes  include; 

- Increased  muscle  tone 

- euphoria 

- loquacity 

- hand  tremor 

- decreased  coordination,  and 

- gross  tnvoluntarj'  movements  of  the  head,  arms,  and  trunk. 
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• Changes  In  Blood  Platelets;  Blood  platelets  are  reduced  about  one  hour  sub- 
sequent  to  decelerations  ot  20g  with  400  or  800  G/seoond  rates  of  onset. 

• Stress  Reactions!  There  are  changes  in  adrenal  gland  activity  and  blood 
chemistry. 

Rocket  sled  studies  have  been  used  tn  evaluate  human  tolerance  to  deceleratlve 
forces  In  the  transverse  G^)  on-axls  position.  "Reversible  Incapacitation"  was  the 
criterion  for  selection  of  acceptable  loads.  This  criterion  Is  somewhat  lost  because 
Incapacitation  could  be  prolonged  and  thus  might  not  be  compatible  with  survival  In 
the  case  of  high  "Q"/hlgh  altitude  ejection.  The  tolerance  limits  given  below  must  be 
considered  therefore,  as  possibly  too  high: 

• Rate  of  change  deceleration  limit  Is  1600  G/second  at  40g  for  a duration  of 
0.10  seconds,  or  less 

• Magnitude  of  force  limit  Is  60g  attained  at  500  G/second  rate  of  onset  witl:  a 
deviation  of  0.20  so'conds,  or  loss 

• Duration  limit  is  1 second  for  forces  averaging  2Dg  or  mor*e  at  500  G ''second. 

Sfjme  workers  have  used  35g  as  the  maximum  allowable  pealc  for  linear  decler- 
ation.  This  design  criterion  takes  Into  account  a wide  variety  of  variables  including 
body  attitude,  effectiveness  of  restraints,  seat  stability,  and  the  fact  that  a man 
should  not  be  Incapacitated  following  ejection  from  a vehicle.  The  sign  value  of  3Sg 
does  not  take  Into  account  two  other  Important  parameters  — • rate  of  onset  and  dura- 
tion of  forces.  The  Interactions  of  these  two  factors  are  summarized  graphically  in 
rigures  1 and  2. 

Figure  1 shows  a tlme-g  curve  that  relates  acceleration,  rate  of  onset,  and 
duration  of  forces  In  the  absence  of  considerntlons  such  as  speed  and  altlUule.  It 
can  be  seen  clearly  that  when  duration  is  longer  than  0. 1 seconds,  h>lerancc  to  g- 
loads  (i  Gx)  is  greatly  reduced.  The  "safe  zone"  shown  requli'es  a rate  of  onset  of 
no  more  than  1000  G/sec.  Figure  1 points  up  the  serious  problems  caused  by  wind 
drag  decelerations  at  high  speed  and  high  altitude.  The  problem  Is  further  under- 
scoro<l  by  the  data  summarized  in  Figure  2.  As  ejection  altitude  is  increased,  the 
duration  of  deceleratlve  forces  also  Is  Increased,  'llils  Is  because  increased  altitude, 
for  any  given  speed,  causes  a greater  kinetic  energy  for  tlie  ejected  man  imd  seat. 
Kinetic  energy  is  a function  cjf  tlie  square  of  true  air  spoetl  (actual  velocity).  There- 
fore, at  40,000  feet  tlie  kinetic  energy  Is  increased  to  three  times  what  it  Is  at  sea 
level  for  a given  air  speed.  The  Increased  kinetic  energy  is  dissipated  as  a function 
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of  time  in  the  less  dense  atmosphere  at  40,000  feet.  As  can  be  seen  In  Figure  2,  It 
would  take  about  twice  as  long  for  deoeleratlve  g-loads  to  decrease  from  35g  to  lOg 
at  40, 000  feet  as  It  would  take  at  sea  level.  The  formula  that  expresses  the  realtlon- 
ships  between  duration  of  g-loads,  air  density,  and  altitude.  Is: 

^ TsI 

V P/Po 

• duration  of  g-loads  at  flight  altitude  •>  Th 

• duration  of  g-loads  at  sea  level  = Tsl 

• density  of  air  at  flight  altitude  - P 

• density  of  air  at  sea  level  - Po 

As  the  formula  shows,  the  duration  of  g-loads  at  flight  altitude  as  compared  to 
that  at  sea  level  Is  essentially  proportional  to  the  Inverse  of  the  square  root  of  die  ra- 
tio of  air  densities.  It  Is  obvious  that  duration  of  deoeleratlve  g-loads  could  be  a ser- 
ious problem  for  open  ejection  seat  systems  diat  must  meet  higher  speed  and  altitude 
requirements  that  are  presently  specified. 

Mach  number,  altitude,  and  indicated  (calibrated)  air  speed  are  Interrelated  as 
shown  In  Figure  3.  As  can  bo  seen  in  this  figure,  the  pealc  deoeleratlve  g-load  at 
Mach  1 at  sea  level  is  equal  to  the  peak  load  at  Mach  2 at  38,000  feet. 

When  projected  data  on  drag  coefficient,  weight  of  the  occupied  seat,  and  ex- 
posed frontal  area  of  a high  ''CJ"/hlgh  altitude  seat  are  available,  It  will  be  possible  to 
calculate  the  characteristics  of  the  g-loads.  Until  then,  the  relationships  summa- 
rized In  Figure  3 can  be  used  as  an  Indication  of  the  forces  to  be  anticipated.  Judging 
from  this  figure  It  seems  likely  that  the  loads  will  be  considerable. 

An  important  consideration  that  must  be  known  In  order  to  determine  the  drag 
coefficient  of  a high  "Q"/hlgh  altitude  seat,  is  that  of  attitude.  If  the  seat  Is  tilted 
aft,  as  has  been  suggested,  the  occupant  will  take  the  deoeleratlve  g-load  at  an  off- 
axis  angle.  'Hits  factor  complicates  the  problem,  from  the  physiological  polnt-of- 
vlew.  Unfortunately,  few  data  on  human  tolerance  to  off-axis  deceleration  are  avail- 
able. Most  of  the  studios  of  this  subject  have  been  In  conjunction  with  NASA  pro- 
grams such  as  Apollo  and  these  have  utilized  restraint  systems,  angles,  and  g-load 
patterns  related  to  space  flight  trajectories. 
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The  most  pertinent  data  were  obtained  by  means  of  a linear  decelerating  device 
that  could  be  adjusted  for  variable  axes  of  Impact.  The  tests  were  run  at  measured 
g-levels  ranging  from  5. 5 to  30.7  with  a rate  of  onset  varied  from  as  low  as  300  to 
as  high  as  25, 000  G/seoond.  The  results  of  these  experiments  that  are  relevant  to  a 
high  "Q"/hlgh  altitude  system  are  summarized  in  Figure  4 and  Table  1. 

In  14  Individual  testa  with  a subject  in  a 45°  backward  pitch,  there  were  5 
"complaint  tests"  during  which  the  g-loads  were  too  high  for  the  test  subjects,  Appli 
cation  of  g-loads  ranging  from  6.9  to  26.0  produced  the  following  subjective  symptom 
atology. 

• Muscle  spasms  and  strains  uf  the  neck  and  back;  delayed  onset  and  lasting 
for  several  days 

• Chest  pain;  incidence  at  impact  iTut  of  brief  duration 

• Shoxlneas  of  breath;  incidence  at  impact  but  of  brief  duration 

• Muscle  spasms  and  pain  in  the  lower  eitfemltles ; delayed  onset  and  lasting 

for  several  days  ‘ 

• Stunning  and  disorientation;  incidence  at  Impact  but  of  brief  durntion. 

By  way  of  comparison,  when  subjects  were  placed  at  a pitch  of  35°  wltli  a yaw 
of  30°,  fj  of  12  tests  Involved  complaints  In  the  g~load  range  of  18, 5 to  24.5.  The 
symptoms  were  essentially  the  same  as  those  listed  above.  In  otlier  studios,  sub- 
jects have  withstood  2Bg  In  a 46°  pitch  without  complaint.  However,  backward  pitch 
of  45°  clearly  reduces  human  tolerance  to  g-loads  In  comparison  to  dt  G axes.  The 
degree  to  which  tolerances  Is  reduced  la  unknown,  however,  and  tlioreforc  the  35g 
design  criteria  load  might  be  too  high  when  the  loads  will  be  npplicKl  to  the  subject 
when  he  Is  pitched  backward  45°. 

Studies  of  off-axis  tolerance  to  g-loads  soi’vo  to  underscore  tlie  need  for  a con- 
tfjured  couch  and  good  restraint  system.  For  example,  in  one  experiment,  in  which 
a test  subject  was  pitched  backward  at  16°  and  subjected  to  26g  at  0(50  G/second  for 
97.0  milliseconds,  hyporflexlon  of  the  trunk  caused  persistent  soft  tissue  Injury-  In 
the  region  of  the  flth,  7th,  and  8th  thoracic  vertebrae.  It  was  determined  that  loose 
restraints  were  responsible.  In  a similar  restraint  system,  a non-human  subject 
sustained  a vertebral  fracture  and  recupcrablo  Internal  injuries  at  83g,  10,000  G 
second. 
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Overall,  It  Is  likely  that  46°  will  prove  to  be  the  maxlmuni  backward  pitch  ac- 
ceptable for  high  "Q'Vhlgh  altitude  escape.  Greater  pitch  (>46°)  would  place  the  sub- 
ject In  a position  that  would  be  similar  to  taking  the  g-loads  longitudinally.  Human 
tolerance  In  the  G ) axes  Is  less  than  it  Is  in  the  transverse  (±  G ) or  slightly 
pitched,  off-axis,  position. 
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SUMMARY 


• Wind  drag  deoeleratlon  is  a serious  problem  In  open  seat  ejection 

• Limits  for  transverse  deceleration  resulting  in  reversible  incapacitation 
are; 

- rate  of  change  deceleration  limit  is  IBOO  G/second  at  40g  for  0. 16 
second  (or  less) 

- magnitude  of  force  is  limited  to  50g  at  500  G/second  with  a duration  of 
0.  20  second  (or  leas) 

- duration  limit  la  1 second  for  forces  averaging  25g  or  more  at  500 
G/second 

• The  present  design  limit  without  incapacitation  in  the  transverse  axis  la 
35g. 

• High  altitude  deceleration  results  in  greater  duration  of  g-loads , which  is 
a major  problem  because  of  the  hydraulic  effects  on  the  body. 

• Human  tolerance  to  deoeleratlve  g-loads  is  reduced  slightly  by  baclavai'd 
pitching  of  up  to  45°. 

• Backward  pitch  probably  should  not  exceed  45°, 


ACCELERATION  (G) 


N ADC-7611940 


ZONE  OF  COLLAPSE 
OR  FATAL  INJURY 


0,01  0.03  0.1  0.3  1,0  3 

TIME  (SECONDS) 

Figuri  1 LIniiti  of  Human  Tolormoa  to  Wind  Drag  Daoalaratlon. 
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CALIBRATED  AIRSPEED  (KNOTS) 

Figgra  3 Lavtl  of  G -Load  n ■ Function  of  Calibrated  AInpaad,  Altitude, 
and  MkH  Number. 
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Flgur*  4 OritnUtion  of  Stat  and  Subjact  Ralativa  to  Dacalarativa 
Foroai  (0  roll,  4B  Pitch,  0 Yaw). 
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Tabu  1 Comparlioni  of  Human  ToUranoa  to  Daoalarativa 
Foroat  at  Various  Orlantationi 


ROLL 

POSITION 

PITCH 

YAW 

COMPLAINT 
Q RANGE 

000 

046 

000 

6.9  - 36.0 

000 

036 

030 

18.6-24.6 

000 

0R6 

180 

9.8 

000 

086 

320 

16.7-  17.B 
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APPENDIX  C 

REVIEW  OF  THE  LITERATURE 

RE:  - WIND  BLAST  EFFECTS  AND  THERMAL 
EFFECTS  DURING  HIGH  SPEED  OPEN 
SEAT  EJECTION 
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BLAST  EFFECTS 


We  cannot  ignore  the  possibility  of  a classic  blast  Injury  from  abrupt  onset  of 
wind  blast  pressure.  Injuries  resulting  from  flie  lype  of  blast  wave  produced  under 
the  conditions  which  make  escape  feasible  within  limitations  imposed  by  other  param- 
eters, such  as  wind  drag  acceleration,  are  not  comparable  to  those  of  high  explosive 
blast.  Shock  phenomena  will  be  minimized  due  to  the  fact  that  pressures  will  not  be 
sufficiently  high.  The  onset  of  the  dynamic  pressure  is  several  orders  of  magnitude 
slower  than  the  onset  of  pressure  resulting  from  explosions.  The  literature  does  not 
report  any  true  blast  injuries  produced  in  actual  supersonic  escape  nor  in  experimental 
rocket  sled  studies.  In  these  studies,  animals  have  been  subjected  to  abrupt  wind 
blast  forces  at  velocities  in  excess  of  Mach  1. 5 at  sea  level.  Severe  flutter  and  tear 
injury  was  prevented  by  protecting  the  animals  with  a wind  proof  helmet.  German 
wind  tunnel  experiments  during  World  War  II  demonstrated  the  hazards  of  facial  in- 
jury, Exposure  of  the  bare  face  to  wind  blast  in  excess  of  400  knots  for  several  sec- 
onds, produced  minor  injuries  of  the  eyelids,  nostrils,  lips  and  ears.  Human  experi- 
ments in  the  United  States  resulted  in  no  injury  attributable  to  wind  blast  per  se  at 
562  knots  to  a protected  face.  An  uncovered  or  unprotected  face  also  presents  the 
hazard  of  inflation  of  the  stomach  and  possible  excessive  lung  pressure. 

Stomach  inflation  of  the  human  durli^  supersonic  escape  without  full  face  mask 
protection  has  been  reported.  These  effects  have  also  been  produced  In  animals  on 
the  rocket  sled.  No  lung  Injury  has  been  reported  to  have  resulted  from  wind  blast 
effects.  It  has  been  suggested  that  additional  studies  can  be  conducted  to  determine 
if  blast  Injury  can  be  produced  at  technically  feasible  flight  speeds.  If  such  Injury  can 
occur,  this  will  establish  an  absolute  requirement  for  protection  of  the  body  with  a 
rigid  shield  such  as  the  escape  capsule  or  a similar  device.  'Ihe  factor  of  wind-drag 
deceleration  In  open  seat  ejection  seats  will  most  likely  affect  the  escape  velocity, 
and  the  effects  of  blast  injury. 

Injuries  to  the  upper  extremities  have  occurred  in  testing  the  downward  ejection 
seat  at  speeds  below  400  knots  (IAS),  giving  evidence  of  the  dangers  involved. 

Wind  blast  flailing  has  been  responsible  for  lower  extremity  injuries  to  British 
and  French  flyers.  Wind  blast,  causing  premature  deployment  of  parachutes  has 
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been  responsible  for  fatal  occurrences.  It  becomes  apparent  that  effective  means  of 
securing  protective  equipment  and  the  extremities  against  the  forces  of  supersonic 
wind  blast  are  required.  This  may  be  difficult  to  achieve  without  undue  Interference 
with  aircrew  performance.  This  Is  one  of  the  many  factors  which  may  ultimately 
force  abandonment  of  the  open  seat  escape  system  in  supersonic  aircraft. 

WimlKltNtg  deceleration  Is  perhaps  the  most  formidable  of  all  factors  to  be 
dealt  with  in  high  speed  escape.  I'he  abrupt  linear  deceleration  caused  by  the  air- 
loads Imposed  on  the  ejected  seat-man  mass  as  It  enters  the  air  stream  is  a crash 
force.  'Ihe  lethal  potentialities  of  wind-drag  deceleration  of  a given  magnitude  are 
magnified  beyond  those  of  ordinary  crash  decelerations  In  that  the  duration  of  the 
high  g forces  may  be  in  the  order  of  10  to  20  times  os  long.  The  element  of  instabil- 
ity during  deceleration,  resulting  In  tumbling  and  spinning,  produces  a very  complex 
pattern  of  mechanical  forces  on  the  body. 

Studies  have  emphasized  the  importance  of  g force  duration  at  relatively  high 
levels.  Experimental  definition  and  evaluation  of  the  time  force  acceleration  Injury 
spectrum  In  the  area  between  Impact  forces  and  centrifuge  type  hydro-dynamic  cir- 
culatory effects  has  demonstrated  that  tissue  damage  is  produceti  very  rapidly  as  u 
result  of  hydraulic  displacement  of  body  fluids. 

Critical  problems  are  evident  in  the  use  of  conventional  ejection  seats  for 
escape  In  the  upper  range  of  speed  and  altitude  capabilities  of  present  day  aircraft 
which  are  already  well  above  (iOO  knots  indicated  air  speed  aiicl  60,000  feet  altltvulo. 

Because  the  wind-drag  deceleration  problem  In  present  configuration  open  seat 
ejection  systems  has  boon  Indicated  as  being  serious,  some  proposed  mcdiods,  as 
approaches  to  the  solution  of  this  problem,  Include  the  following? 

(1)  Brag  chutes  to  slow  the  aircraft  down  prior  to  ejection. 

(2)  Rocket  thrust  augmentation  on  the  seat  In  the  direction  of  flight  to  coxmter 
the  deceleration  forces. 

(3)  Reduce  the  effective  frontal  drag  by  streamlining  tmd  increasing  the  seat 
weight  to  result  In  a lower  drag/wolght  ratio. 

Seat  stabilization  In  an  acceptable  attitude. 
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THERMAL  STRESS  OF  EJECTION 

Thermal  problems,  In  escape  from  aircraft  at  high  altitude,  could  either  be 
due  to  cold  or  high  temperature.  Ambient  temperature  effects  of  high  altitude  cau 
result  In  serious  frostbite  unless  all  parts  of  the  body  are  adequately  covered  with 
protective  clothing.  High  temperature  problems  related  to  Ihe  aerodynamic  heating 
of  high  speed  have  not  yet  been  encountered  under  actual  escape  conditions.  Aero- 
dynamic heating  U very  great  at  high  Mach  numbers,  a general  rule  of  thumb  being 
that  the  temperature  rise  In  Fahrenheit  will  be  approximately  75  times  the  square  of 
the  Mach  number-,  thus,  a speed  of  Mach  10  would  yield  a temperature  of  7500  F. 

Information  Is  only  available  for  low  altitude,  high  speed  thermal  exposure. 

High  speed  sled  wind  blast  runs  at  Mach  1.7  have  resulted  in  severe  tlilrd  degree 
burns  of  exposed  areas  of  large  animals.  Measured  surface  temperatures  at  Mach 
1.7  vary  between  300  and  320°F. 

The  explanation  given  for  the  severe  burns  produced  by  such  momentary  expo- 
sure (1  to  10  sec)  to  relatively  moderate  temperatures  Is  that  the  total  heat  transfer 
must  have  been  very  great. 

Studies  have  shown  that  third  degree  burns  can  be  produced  in  10  seconds  at  skin 
temperature  of  140°F.  Therefore,  under  conditions  of  wind  blast  exposure  Involving 
a combination  of  pressure  on  the  skin  surface  and  a flow  of  heated  dense  air,  unusual 
thermal  Injury  may  occur. 

Aerodynamic  thermal  stress  may  present  a serious  hazard,  requiring  tm  en- 
closed capsule  for  protection  at  extremely  high  speeds  which  may  be  attained  at  ex- 
treme altitude.  It  Is  possible  to  provide  protective  clothing  to  successfully  protect 
animals  against  Injuries  produced  at  Mach  1.7  at  sea  level.  This  protection  can  also 
be  adapted  to  the  flyer.  Flyers,  however,  have  demonstrated  a resistance  to  accept- 
ance of  protective  gear  which  must  be  worn  on  the  body,  thereby  oompromlslng  com- 
fort and  performance. 

When  all  Is  said  and  done,  the  fact  remains  that  further  evaluation  of  this 
problem  Is  required, 
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AIRLOADS  BORNE  BY  THE  BODY  IN  RELATION  TO  SPEED 

AND  ALTITUDE 


Altitude  Ram  Pressure 


feet 

p.  s.f, 

50,000 

150 

40,000 

288 

30,000 

432 

20,000 

692 

15,000 

850 

10,000 

1010 

5,000 

1240 

Sea  Level 

1440 

Total  Pressure  to  4 Square 
Foot  Drag  Area  of  Man 

poimcls 

G32 

1152 

1728 

2768 

3400 

4040 

49G0 

5760 


Speed  - MACH  0.9 


Best  Available  Copy 


c-r. 
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